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CELLULAR COMMUNICATIONS SYSTEM single linear power aiq)lifiCT 24 as shown in FIG. IB. The 

WITH SECTORIZATION ou^t of power an^iifier 24 is ^lied through duplexer 25 

to antenna 26, to be broadcast into the cellular area serviced 

This is a division of ^Hcation Scr. No. 08/204,660, ^ stati<m. 

filed Mar. 2, 1994 U^. Pat No. 5,627,879, which is a 5 Signals received in antenna 26 are qjplied through 

continuation-in^ of U^. ^cation Ser. No. 08/183, <iwplexa' 25 to filto- 27. FUXer 27 isolates the entire ceUular 

221, filed Jan. 14, 1994, now abandoned, which is a band signal firom^^^ 

continuation-in-part of U.S. application Sex. No. 08/068, 28^ one for each dianneL The a^^^ 

389, filed May 28, 1993, noTabandoned, which is a ^ are apphed to aicuit 22. Bas« stoh^ may 

1- • f¥To o /Y7tnA£i 9Ptionally uiclude a divcTSity antcuna 26 and coCTesponding 

« Svcrsity ater 27 and a pliiaUty of divadty recci^m 2», 

l^'iS^^'*?^'^ ' JT^i^' 0"c for "'ch "''ociated mkin receiver 28. Where 

17, 1992, all of wbich are now abandoned. implemented, the outputs of divosity receivers 26' are 

FIELD OF THE INVENTION apidied to circuit 22, v^liich would thus include circuitry for 

^ selecting the strongest signal as between coiresponding 

This invention relates generally to higji cqxadty mohUe receivers 28 and 28* using known techniques. 

communications systems, and mwe particularly to a digital ^^^^y populated urban areas, the c^ty of a 

microceUular communication system. conventional system 5 is sevaely limited by the relatively 

TiArvnxyniTKTrk STDsSi number of channels available in each cdl 11, 16. 

BACKGROUND _ _ , ^ „i_ « i * • 

2Q Moreover, the coverage of urban cellular phone systems is 

A conventional cellular phone system 5 is shown in FIG. limited by blockage, attenuation and shadowing of the RF 

lA Such systemis are currently in widespread use in the signals by hi^ rises and other structures. This can also be 

United States. As illustrated in FIG. lA, system 5 has a fixed a prt^lem with respect to suburban ofEce buildings and 

number of diannel sets distributed among the base stations conq>lexes. 

12, 13 serving a plurality of cells 11, 16 arranged in a ^ xo increase c^dty and coverage, a cdl area can be 

predeteimined reusable pattern. Typical cdl areas range subdivided and assigned frequendes r^ed in doser jh-qx- 

from 1 to 300 square miles. The larger cells typically cover imitics at lower power levels. Subdivision can be accom- 

rural areas and smaller cdls cover urban areas. Cdl antenna piisbed by dividing the geogr^hic territory <rf a cell or for 

sites utilizing the same channel sets arc spaced by a suffi- example by assigning cells to buildings or floors within a 

doit distance to assure that co-diannel interference is held ^ building. While such '*microcell" systems are a viable solu- 

to an accq>tably low levd. tion to capadty and coverage problems, it can be difficult to 

A mobile unit 10 in a cell 11 has radio telephone trans- find space at a reasonable cost to install conventional base 
ceiver equ^ment which communicates with similar equip- station equipment in each microcell, especially in densdy 
ment in base station sites 12. 13 as the unit moves from cell populated urban areas. Furthermore, maintaining a large 
to cell Each base station 12, 13 relays telef^one signals 35 number of base stations spread throu^out a densely popu- 
between mobile units 10 and a mobOe tdecommunications iated urban area can be time consuming and uneconomical, 
switdiing office (MTSO) 17 by way of communication lines AT&T has proposed a system to sdve the prd)lem of 
18. The lines 18 between a cell site and the MTSO 17, coverage in urban areas without having to dq)loy a large 
Really Tl lines, carry separate voice grade circuits for number of conventional base stations. The systemis shown 
each radio channel equ^ped at the cell site, and data dn^ts 4^ and described with respect to FIG. 1 of AT&Ts European 
for switching and other control functions. The NTTSO 17 is patent Application No. 0 391 597. published on Oct. 10, 
also connected through paths 19 to a switched tdephone 1990. in that system a grid of antennas sites 40 is placed 
network 15 induding fixed subscriber telejAone stations as throughout the microcdlular system. An optical fiber net- 
well as various telephone switching offices. work 42 interconnects the antennas with the base station 44. 

NTTSO 17 in FIG. lA indudes a switching network for 45 Optical wavelength carriers are analog modulated with RF 

establishing call connections between the public switdied mobile radio diannels for transmission through the optical 

telq)hone network 15 and nK>bile units 10 located in cell fiber network 26 to the antennas sites 22. A detector circuit 

sites 11, 16, and for switdiing call connections from one cell 27 is provided for each antcrma site 22 to receive the 

site to another. In addition, the MTSO 17 indudes a dual modulated carrier and reconstruct an RF signal to be ap^Axcd 

access feeder for use in switdiing a call coimection from one 50 to the antenna sites 22, for transmission into tiie microcell 

cell site to another: Various handoff criteria are known in the area 21. RF signals received at antenna sites 22 from mobile 

art and utilize features such as phase ranging to indicate the units are likewise modulated onto a fiber and transmitted 

distance of a mobile unit from a receiving cell site, bade through optical fiber n^ork 26 to base station 25. All 

triangulation, and recdved signal strength to indicate the of the chaimels transmitted firom base station 25 are distrib- 

potential desirability of a handoff. Also induded in the 55 uted to all antenna sites 22. Also, all the chaimels transmitted 

NfTSO 17 is a central processing unit for processing data from the base station 25 can be received from the mobile 

recdved from the cell sites and supervisory signals obtained units in any microcell 21 and transmitted via optical fiber to 

firom the network 15 to contr<^ tiie q>eration of setting up base station 25. 

and taking down call omnections. The above-described AT&T system has certain limita- 

A conventional base station 12 is illustrated in I^G. IB. A 60 tions. The ability to analc^ modulate and demodulate hg^t, 

radio controller unit 22 provides the interface between the die limitations incased by line reflections, and path loss on 

Tl lines firom the MTSO and the base station radio equip- the fiber all introduce significant distortion and errors into an 

ment Transmitters 23, one for each cfaannd serviced by the analog modulated signal and therefore limit the dynamic 

base station, are driven by circuit 22, ^ch supplies each range of the signals which can be effectively carried via an 

transmitter with an analog voice signaL Next, the signals are 6S analog system, especially in the upUaik direction. These 

passed to a sq>arate nonlinear power axrq)lifier for each factors limit the distance from the base station to the antenna 

channel, or the signals may be combined and applied to a sites. 
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Moreover, in AM systems an out-of-band signal is second set of filters receives the diversity signal from the 

required to transmit contr<d and alana information to and diversity antenna. The divosity signal is also applied to an 

from the antenna sites, again adding to the expense of the analog-to-digital conveiter. The digitized main signal and 

modulation and demodulation equipment Moreover, provi- diversity signal are mult^)lexed and transmitted over the 
sion of <^cr sendees such as paging systems, personal 5 optical fiber back to ^e microcell base station. The base 

communications networks (EOTs) or mc^ile data services station in turn includes a pair of digital-to-analog converters 

are not easily added to analog AM systems such as diat which reconstruct the main and diversity analog RF signals 

shown in AT&T's European application. for ^^lication to the receivers. The strongest signal is 

Furthermore, the AT&T system teaches the use of dedi- selected fw use in accordance with conventional divCTsity 

cated fiber lines installed for eadi remote antenna site. It technology. Conventional circuitry interfaces the transmit- 

would be desirable if preexisting transmission lines or fiber receivers to the MTSO. 

paths could be utilized so that installation of new fibers Thus, the exemplary embodiment outlined above contem- 

could be avoided. plates that the microcell base station/antenna unit pairs are 

Another approach to increasing coverage is disclosed in arranged to provide a reusable pattern of channels (as in 

U.S. F^t No. 4,932,049 to Lee. The Lee patent describes a conventional cellular tedmology) in the microcell system, 

•^passive handofiT system wherein a cell is subdivided into Th^ microcell base station units do not normally indudc an 

several zones, with a directional antenna oriented to cover antenna, and can be located in a convenient and preferably 

each zone. All the antenna's in the cell are serviced by the cost location, which may be outside of the microcell 

same set of transmitters and receivers. A zone switch is used system temtory if desired. 

to selectively connect the transmitters and receivers to the ^ Acccnding to anodier exemplary embodiment, the inven- 

antenna units. In operation, the antenna best able to service tion may be d^loyed to extend the coverage in a conven- 

a mobile unit on a given channel is connected to tiie tional cell. In this embodiment, (he base station may include 

transmitter^eceiver pair assigned to the mobile unit by the an antenna for transmission and reception of analog RF 

MTSO. and die other antennas disconnected from that directly fipom the transmitters and receivers, while at the 
transmitter/receiver pair. To control the switdiing of trans- ^ same time transmitting and receiving from a microcell 

nutters and receivers to the antennas, a scanning receiver antenna unit using the digital carrier over a fiber as described 

continuously polls the strength of signals received at the witii respect to the first exemplary embodiment, 

antenna units on all active channels in the cell. The zone According to another exemplary embodiment of the 

having the best receiver signal strength is selected as the invention, the digitized microcell traf&c is carried in a frame 
active zone for the associated channel The system disclosed ^ format to and from the antenna units. Each frame includes 

in the Lee patent thus allows for improving communications a plurality of bits assigned to cany a sanq)le of the digitized 

with mobile units while at the same time reducing interfer- microcell traffic, with other bits eii^>loyed for control and 

ence with otiier cells by directionaUzing and limiting overall monitoring of equipment enor detection and correction, and 

signal strength in a celL end-to-end point-to-point voice traffic between the base 

, _ station and the antenna unit Alternate services sudi as 

SUMMARY OF THE INVENTION p^^,, commuiucations network traffic, paging soviccs 

The present invention provides improved coverage and mobile data services may also be carried using the 

inaeased capadty by assignment of reusable channel sets framing format 

throu^out the microcell system, without the need to deploy ^ According to yet another exen^lary embodiment of the 
ind^ndent conventional base stations in each microcell . invention, the fiber carrier may be replaced with cable or 

area. It also provides good dynamic range over extended other carrier n^ediunL 

distances as compared to analog systems such as the AT&T According to still anther exen^lary embodiment the 

system described above. invention can be dq>loyed to distribute a single set of 
According to one exemplary embodiment of the present 45 channels to a plurality of microcell areas. In this 

invention, there is provided a microcell system wherein a embodiment a single base station unit sends the same set of 

plurality of commonly located microcell base station units digitized chamois to a plurality of microcell antenna units, 

communicate with a corresponding plurality of microcell which in turn return the same set of channel signals to the 

antenna units deployed in respective microcell areas. Eadi microcell base station. 

base station unit indudes conventional RF base station 50 Therefore, the invention eliminates the problems assod- 
transmitter and receiver pairs, one for eadi channd assigned ated with analog AM (or FM) systems, such as that illus- 
to the microcell. Additional rccdvers are also provided to trated in the above-mentioned AT&T qiplication, by using a 
receive diversity channels. The RF signal ou^ts from the digital transport resulting in brtter signal quality and for 
transmitters are combined and applied to a broadband greater range between a base station and a microcell antenna 
analog-to-digital converter. The digitized signal is transmit- 55 unit As csaploycd in one exen[q>lary embodiment, the inven- 
ted over optical fiber to a miaoceU unit Each microcdl unit tion greatly increases system capadty over existing mobile 
recdves a digitized RF signal and reconstructs the analog telq)faone systems widKXtt the requirement of deploying 
RF signal using a digital-to-analog converter. The recon- conventional base station equipment in eadi microcell area, 
structedRF signal is applied to a power an^)lifier, the output and allows for provision of alternative services sudi as 
of whidi is fed to an antenna for broadcast into the microcell paging systems, mobile data services or personal commu- 
afca. nication networks. The jnesent invention also inqiroves die 
The antenna units indude both a main and a diversity dynamic range of ttie signal and extends the distance signals 
antenna. The antennas eadi indq)endently recdve RF sig- may be reliably tran^xsted frxxm the base stations to the 
nals frxHn the motnle units. The RF signal from the main antenna units, lii another exenq>lary embodiment the inven- 
antenna is filtered through a first set of filters, one for each 65 tion provides readily for the transmission of control and 
channel assigned to die micxocdt and die combined filtered monitoring information to and from the miaocell antenna 
main signal q>plied to an analog-to-<ligital converter. A unit 
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To provide additional advantages, an exemplary all- cell or PCN tiafSc, is framed for transmission over a 

digital embodiment of a microcell system is also provided switched teiq)hone network. In this embodiment* a limited 

wherein a plurality of commonly located digital microcell number of digitized microcell or FCN channels are grouped 

base station units conmuinicate with a ccrresponding plu- together, in a standard framing format for transmission using 

rality of mioocdl antenna units dq)loyed in resp|e<iive 5 a standard DS-3, OC-1, or other protocol 

microoeU areas. According to this all digital enibodiment, ^ ^^^^ altonate, exOTq)laiy embodiment digitized 

the l^sc stations are fully digital and syii^size a digtal ^erocell or PCN RF signals are transmitted over the 

dgnal directly from theTl carn^ received torn the ^ .^^^ infrastructure of a cable system from the head 

The digital signal is transmitted over optical fiber to the . ^ ;« on i'AXii^ 

midOcTu uni^ The miaoceU units ilceive the digital ^P^^ ^ modulated (AM) 

signal, and construct an analog RF signal using a digital- i(»mat 

to^analog converter. The RF signal is applied to a power A still further exemplary embodiment contemplates the 

anq)lificr, tfie ou^ut of v^ch is fed to an antenna for transmission of the microcell or PCN traffic in digital form 

troadcast into tfie microcell area. The antenna units receive over the cable system feeder lines, using QAM modulation 

RF signals from the mobile units. The RF signal is filtered or other digital modulation formats, 

through a set of filters, one for each diannd assigned to tiie jjjus, according to these embodiments, microcell or PCN 

microcell, and the filtered signal qjplied to an analog-to- diannels may be transmitted over an established switched 

digital converter. The digitized signal is transmitted over the network or using established cable system infrastructure, 

qptical fiber back to ftc digital imooceU tesc station. TTie According to stiU another embodiment of the invention, 

base station in turn directly synthesizes the digital signal .. . . t,..,Arjr ^^t^^ Ai<^t,i 

onto the Tl carrier back to the MTSO. Conventionaldr- 20 ^^"^^ » ?!f''^.?f ^5 ^ 

mitryintafaces thetransmittexsandrecdverstotheNTTSO. '^'^ '^y''' «° "P'^^y switch transmitters and receive^ 

nius. this exemplary embodiment contemplates that the "^"g '^^"^ ""^nna units in different microceU zones of 

microcell base station units are fully digital and diminate * 

the need for RF equipment at the base station as well as for According to yet still another embodiment of the 

analog-to-digital and digital-to-analog converters, thus pro- 25 invention, there is provided decimation filters for digitally 

viding the opportunity to reduce both ttie cost and volume of filtering out a selected number of channels from the digital 

equipment required at the base station site, and to reduce stream output from the analog-to-digital converter, and 

maintenance needs on inherently less reliable analog equip- multq)lexing the selected channels onto one or more lower 

mcnt The digital microcell base station units can be located speed carriers, sudi as a Tl line or SONFT earner, 

in a convenient and preferably low cost location, which may ^ According to yet stiU^jLnotiherLjjmbod^ 

be outside of the microcell system territory if desired. ^invention, a pasayi:swtching method is desaibed forl^ 

A metiiod which allows for the rapid deployment of a \ a ccllular4>honr system having a plurality of macrocells^ 

system of the type using analog-type base stations while \including a first maoocell, eadi macrocell sharing a com- 

permitting the easy upgrade of such base stations to all tj^on set of channels, the method con^sing the steps of 

digital technology is also provided. The method's first stage 35 providing a plurality of primary and secondary microcell 

calls for dq)loying a plurality of microcell base station units antenna units; dividing the first macrocell into a plurality of 

as described above, each including conventional RF base primary microcells, \^dierein the step of dividing includes 

station transmitters and receivers, one for each channel plaong the primary microcell antenna units so as to provide 

assigned to the microcdl. covCTage over die first macrocell; providing a plurality of 

In the second stage of deployment, the analog base 40 secondary microcell antenna units; placing the secondary 

stations are replaced witii all-digital base stations wherein noicrocell antenna units to provide macrocell coverage over- 

the base stations are fiiUy digital and synthesize a digital l^fii^g the primary microcells; at a base station, generating 

signal dirccdy from theTl carrier received from the MTSO. a j digitized representation of a tdqihone signal received 

The digital signal is transmitted over optical fiber to the from a mobile telephone switching office, selecting a micro- 

microcell antenna units installed in the first stage of deploy- 45 cell 'from said plurality of primary and secondary microcells 

ment The microcell antenna units receive the digital signaL andjtransmitting the digitized r^esentation to die microcell 

and construct an analog RF signal using a digital-to-analog antenna unit of the selected microcell; receiving, at the 

convcater. The RF signal is qjplied to a power anplifier, die selected microcell, the digitized rqx^esentation, generating a 



ou^ut of whidi is fed to an antenna for broadcast into the corresponding RF signal by digital-to-analog OHiversion, 



microceU area. The antenna units also receive RF signals 50 and broadcasting the RF signal in the selected microcell; 
from the mobile units. The RF signal is filtered through a set receiving RF signals in eadi of the plurality of primary and 
of filters, one for each channel assigned to &e miaocelL and |se!condary microcells for the set of channels, and converting 
the filtered signal applied to an analc^-to-digital converter. the RF signals received to corresponding digitized RF signal 
The digitized signal is transmitted over the optical fiber back I rc^esentations f<H^ transmission back to the base station; at 
to the digital microcell base station. The base station in turn 5s| tlie base receiving the digitized RF signal reprcsoitations. 
directly synthesizes the digital signal onto the Tl carrier from the primary and secondary microcells; and monitoring 
back to the MTSO. the digitized RF signal representations from each of the 

Thus, the exemplary embodiment outlined above content primary and secondary miaocells and based on the enexgy 
plates that the antenna units installed in the first stage do not level of eadi channel in each zone, selectively controlling 
need alteration or replacement when the analog microceU 60 the channels broadca^ into each of tiie primary and second- 
base station units are replaced with aU digital microceU base | ary miooceUs and selectively dioosing the micrpoell^rom 
stations. The method thus allows the fuU benefit of the 1 the plurality of primary and seoondaryjnicroceU in whidi a 
aU-digital base station to be acconq>Ushed without the \ rcceived^^an nel is received so tiiaf^sive^witcfaing may 
cxpoise of modifying existing instaUed microceU antenna ^bcjtoconq) lish^ L___,^— -^^'"^^ 
units. 65 According to yet stiU another embodiment of the 

According to yet another alternate, exemplary invention, a method of sectorizing coverage over a particular 
embodiment, the digitized RF signal, carrying either micro- ceUular comnmnications area is described, the metiKxl conor 
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prising the stq>s of providing a remote unit having a FIG. 12 is a sin^)lified illustration of an alternate embodi- 

plurality of miaxx^ antenna units, including a first and a ment of die miciocell communication system accc^ding to 

second microcell antenna unit, wherein each microcell the present invention; 

antenna unit conqmses an antenna configured to cover a fig. 13 is a functional block design of the alternate 

particular sector and a channel filter unit used to filter 5 embodiment IW of the system of FIG. 12; 

channels assigned to the particular sect<r ; connect the piG. 14 is another alternate exemplary embodiment of the 

remote unit to a sectorized base stotion unit wherein the step microcell communication system of the present invention; 

of connectmg comp^ providmg a unique sector fre- ^ ^ exemplary 

T'^Z'^'T^jTu ^n'TT ^"^"^ embodiment of the invention wherein alternate s^<S 

T '""^n^^Z^lT ' ir^T^"" '^<^ ^ communication network (PCN) traffic and 

Uons switchmg office; generati^: at toe sectanzed base ^ ^ multiplexed with ceUular system traffic; 

station unit, a digitized representation of a telephone signal Zl^ , . T.. . ^, . , . 

received from the mobfle telephone switdiing office; trans- ^ simplified iUustration of a pnor art cable 

mitting the digitized repiesentation to the miaocell antenna television system mfrastructure; 

unit for a particular sector, receiving, at the first microcell 15 17 is a simplified block diagt^ of an altCTate 

antenna unit, a first RF signal, digitizing the first RF signal excnq)lary embodiment of the invention, wherein cable 

and converting the digitized first RF signal to a first sector system infrastructure is used to transmit digitized RF to and 

fi^equency ; receiving, at the second microcell antenna unit, a * microcell location; 

second RF signal, digitizing the second RF signal and FIG. 18 is a blodc diagram of a base station unit of the 

converting the digitized second RF signal to a second sector 20 exemplary embodiment of FIG. 17; 

firequency; and multiplexing the digitized first RF signal at FIG. 19 illustrates the head end unit located at the head 

the first sector frequency and the digitized second RF signal end of the cable system of the exen^lary embodiment of 

at the second sector frequency and transmitting the multi- FIG. 17; 

plexed signal to the sectorized base station. piG. 20 is a more detailed block diagram of the AM 
^ 25 modulator/demodulator, located in the head end of the cable 

BRIEF DESCRIPTION OF THE DRAWINGS mwu«uui/i«^iiivniuiau«, lyj^^ iu uic u^iu cuu wi uic c<iuic 

V system of the exenq)lary embodiment of FIG. 17; 
A more complete understanding of the invention and its FIG. 21A is a more detailed block diagram of analog-to- 
various features, objects and advantages may be obtained digital converter 132, as used throughout the various 
fi'om a consideration of the following detailed description, embodiments in the invention; 

the appended claims, and the attadied drawings in which: ^ fig. 21B is a more detailed block diagram of digital-to- 

FIG. lA is a functional block diagram of a first prior art analog converter 144 as used throughout the various 

mobile communications system; embodiments of the invention; 

FIG. IB is a functional blodc diagram of a prior art base FIG. 22 is an alternate preferred framing structure for the 

station; 33 embodiment of FIG. 2 of the present invention; 

FIG. IC is a functional block diagram of a prior art FIG. 23 is yet another alternate p-efened ficaming struc- 

microcell nx^ile communications system; ture for ttic embodiment of FIG. 2 of the present invention; 

FIG. 2 is a sinplified block diagram (rf an racemplary FIG. 24 is a m<H-e detailed block diagram of the microcell 

embodiment of tl^ microcell oormnunications system of the remote unit to be positioned at the optical node in the cable 

present invention; 40 system embodiment of FIG. 17; 

FIG. 3 is a more detailed block diagram of Ae base station 25 is an illustration of the anq)litude modulator as 

embodiment shown in FIG. 2; used in the embodiment of FIG. 17; 

FIG. 4 is a more detailed block diagram of the base station 26 is a more detailed illustration of the amplitude 

shown in FIG. 3; demodulator, as used in the embodiment of FIG. 17; 

HG. 5 is a more detafled block diagram of the frame ^ illustration of a base station of an altemate 

generator/multiplexer 134 shown in HG. 4* exen^lary embodiment of the system illustrated in FIG. 17, 

FIG. 6 is a simplified diagram of the structure of one ^ ^^^^ ^ ^ '^"^ ^ ^^"^y 

exenmiary data firame; ' 

HG 7 is a diagram of the structure of another exemplary 50 . ^ '"^^'^"^^ "1^ ^^^J'^^^^ <>f 

data frame- ^ the system mustrated m HG. 17, wherein t^^ 

* or PCN signal is digitally modulated; 

HG. 8 is a functional block cUagram of a microccU nO. 28 is a further iUustration of the alternate embodi- 

jut^umtaocordingtothcexemplaryembodimentshown ^^^^ modulation; 

cro n' A ^ 1LI r... u , « FIG. 29 further illustrates the construction of the cmtical 

" node in the digital modulation embodiment; 

142 and associated mteriaces of FIG. 4; ™^ . . j- r ^ \^ 

. ^ ^ , , ^. . « . , FIG. 30 IS an overview diagram of yet another exenq>lary 

FIG. 10 IS a fiinctional block diagram of an all^digital embodiment wherein digitized miaocell or PCN RF traffic 

exemplary embodiment of the mvention; transmitted ovcx a switched telephone net- 

FIG. llAis a more detailed block diagram of the system ^ work; 

iUustrated in HG. 10; piG 31A is a mere detafled block diagram of the base 

FIG. Ufi is an alternative embodiment of the system station units of the embodiment of FIG. 30; 

fllustrated in FIG. IIA; piG. 31B is an alternate exemplary embodiment of the 

FIG. lie is yet another altemate embodiment of the base station units of the embodiment of FIG. 30; 

system fllustrated in HG. llA; 65 FIG. 32A is a more detafled block diagram of the analog- 

FIG. IID is stiU another alternative embodiment of the to-digital converter and framing circuits of the base station 

syston iUustrated in FIG. IIA; units iUustrated in FIG. 31A; 
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FIG. 32B is a more detailed block diagram of the analog- within eadi mioocell area 100 is a microoell remote antenna 

to-digital converter and framing circuits of an alternate unit 102. Sudi units may be deployed on the roof of a 

exen^ary embodiment of the base station units illustrated building or within a building, or on or in other structures. Fbr 

in FIG. 31B; exan^le, a microcell antenna unit 102 may be deployed on 

FIG. 33A is a more dt^ed block diagram of the remote 5 each floor of a building on adjacent an antenna tower, or 

antenna units of the system illustrated in FIG. 30; along a highway cocridOT. 



FIG. 33B is a more detailed block diagram of an alternate ^^^i^f a***^^* unitel^Ziffcoottnc^^ 
exempLsry embodiment of the remote antenna units of the Xor^iopdonaUy^oUier Mgh ba^^ 
system illustrated in FIG 30* base sti^bnS^JM 106.^Base station units 106 are interfaced' 

FIG. 34 mustrates yet anolLer exemplary embodiment of '°'^:f^°:^"!,°"!^i^'^^^^ 
the invention whe«nn digitized RFdinals are transmitted ^^J' swjtchcd telq*one nctw«t^^^^ 
over a switched tdephonTnetwcrk and a cable system; and ccUular^I*one 2^tem.-Mtcio«^ 

^ preferably located m a smglle location 114. Such location 

nG.35A IS an overview funcuonal block diagram of an ^ ^ by the 

exemplary embodiment of a microcell communications 15 ^croceH system, but in any event is preferably conve- 

system, having passive handoff capability according to the j^^^ maintenance purposes. 

present invention; «^ . . - • • 1 j 

^ . ^ Refemng now to HQ. 3 there is shown a sinmlified 

HG. 35B is a more detailed block diagram of an exem- ^ ^ microceU base station 106 according to one 

plary base station umt 114 of the system of 35A accordmg exemplary embodiment of the present invention. Base sta- 
te the present mvention; 20 1^ includes conventional transmitters and receivers 23 

FIG. 35C is a schematic illustration of the movement of and 28, respectively, and conventional radio controller or 
a mobile unit frcMn one zone tq another, interface circuitty^^oJie_MTSO110.j^gital^t^^ 

FIG. 36 shows an exeiiq>lary embodiment of digital reodveMmit-130^eeei^^^ 
transmitting^recdving unit li>" of the system of FIG. 35A; ^tomsniittersJS^digitizes the to 

FIG. 37 illustrates an cxenq)lary embodiment of control- ^ iiin^^^^t^cS^ 
ler 810 of the system of HG. 35A; ante nna unit lO^ Unit 13<» also-reccii^ a'i^ 

HG. 38 is a simplified block diagram of the operation of signalcpver fiber^l04B:^m^a remo^^ unit 102, 

controUer 810 ofle system of ITO. 35A; reconstructs the corresponding 

, «™ ittoreceivers28. Accordingly, conventional equipment may 

HGS. 39A, 39B, 39C and 390 are stiU other alternate 30 downstr^ (MTSO) sidTof digital 

exemplary embodunents of passive handoff systems with transmitting^receiving unit 130. 

all-digital base station units; ^ r . . ^ • 1. j* •* 1 

. ^ Referring now to FIG. 4, there is shown digital 

HG. 40 IS an alternate embodiment of the system of HG. transmitting/recciving unit 130 in greater detail. Unit 130 

- includes a broadband digitizer 132jcceiving the combined 
FIGS. 41A, 41B and 41C arc exemplary embodiments of rf signal from transmitters 23. Digitizcr-132-provides a^ 
redundant microcell coverage; digtti^d imerocell^toffie stream^-consisting af a series off 

FIG. 42 is a simplified block diagram of an exemplary ::san:^ies of the inooming a^^ Frp^ genc^tof/ 

embodiment of a sectorized microcell communications sys- ^multiplexer 134 frames the digitized microcell traffic data;^ 
tern according to the present invention; together with control, voice and error~checking::data, and~^ 

HG. 43 is a more detafled block diagram of the base ^lies it to a digitally modulated 18^436. 
station embodiment shown in HG. 42; channel, also termed the order wire^chaiinel, originat^ from J 

HG. 44 is a more detailed block diagram of the remote Y^^tcrface^ 
unit embodiment shown in FIG. 42; 137 ar^ two^wire phone hne. Order wire interface 135 

>!< provides for two-way pomt-to-pomt voice grade commum- 
FIG. 45 is a more detailed block diagram of one example ^5 ^^^^^ Typically a handset is used at the remote site to 
of a channel filt^umt which can be used in the remote umt ^ ^^^^ ^ ^^^^ 

shown in FIG. 44; originate from control/alarm circuit JL31,_whicfa_gencrates^ 

FIG. 46 is an alternate embodiment of the base station /control information "fdf~tfic"re^te antenna unit 102 to 
embodiment shown in FIG. 42; and ^(monitor-eiTor^and alarm-information. — 

FIG. 47 is an altmiate embodiment of the remote unit ^xhe lascTsipal from digit^ly^modulatSlTSOT^^^ 
embodiment shown in FIG. 42. applied to fiber 104A for transmission to the corresponding 

nPTAnPnnF^rRiPrrnMnFTHP ^aiote antenna unitr^l02, rA^^ one possible ) 

^ ^mbodiinent,digitizerl32prcferablyprovidesa24M^^^w^^ 

PREFERRED EMBODIMENTS W j / \7i * * 1 ^ • — ^ on 

xxxi_^ ^Tx^v^x^iiTii^^ 55- word (parallel structure sample) runmng at 30.72 

In the following detailed description of exelI^)lary MegaSamples/serond (MSamplcs/ 

embodiments of the invention, reference is made to the multiplexer 134 converts the 30.72 MSanq)les/s word to a 

accon^>anying drawings which form a part hereof, in whidi single serial bit stream running at 819.2 MegaBits/second 

like numerals refer to like elements througjiout the several (Mh/s). 

views, and whidi is shown by way of illustration only, 60 The digitizer 132 conditions the broadband RF signal by 

specific embodiments in whidi the invention may be prac- providing bandpass filtering sufficient to eliminate out of 

ticed. It is to be understood that other embodiments may be band signals, and sufficient gain adjustment to prev^t 

utilized and structural changes may be made without depart- overloading of the analog-to-digital converter. 11^ analog- 

ing from the scope of the present invention. to-digital converter converts the ccmditioiied broadband RF 

The general configuration of one excnq}lary embodiment 65 signal into a parallel bit stream, either by direct saii4)ling at 

of the present invention is shown in FIG. 2. The mioocell RF, or by san^ling following down-conversion to baseband 

system includes a i^urality of microccli areas 100. I>q)loyed or to an intermediate frequency band. In the preferred 
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eanbodiment. the digitizer is obtained from Steinbrecher of 48 infonnation bits for full band coverage and diversity 

Ccqxn^onof Wobuni, Mass., with sampling peifonned on capability, or for canying additional services. It shall be 

a 12.5 MHz wide signal down-converted to either the first or understood that the present invention is not limited to these 

second Nyquist zone, witii 12 bit sampling occurring at a or any other particular framing format, but rather that any 

rate of 30.72 MSan^les/s. 5 format could be used without dq>arting from the scope of the 

Unit 130 further includes a digital optical receiver 140. F^scnt invention. 

Receiver 140 outwits an electronic digital signal, whidi is To achieve synchronization with the parallel transfer 

^lied to demultq)lexcx 142, whidi extracts the digitized WOTd, the firame signal shown in FIGS. 6 and 7 runs at 819.2 

miciocell traffic data generated at the remote antenna unit Mh^s (i.e. 32x25.6x10* bits/second=8192xlO* bit/second). 

102, as will be explained further below. Demultiplexer 142 lO (The bit rate and sanq)ling rate for 40 MHz/48 bit ot othex 

further extracts alarm (monitoring) and voice infonnation frame structure would change accordingly.) Synchronization 

framed with the microcell traffic data. The digitized micro- is achieved at the recdving demultiplexea' 142 (162 in FIG. 

cell traffic signal is applied to digital-to-analog converter 8 described bdow) by searching for the frame pattern. 

144, which reconstructs the analog RF signal, to be ^lied Thirty-two individual frames are grouped into a supaframe. 

to receivers 28. One of the 32 frames has a bit sequence different from the 

The digital-to-analog converter 144 operates on the other 31 frames. Each frame byte is a balanced code having 

mioDcell traffic parallel bit stream extracted by dcmulti- ^ number of ones and zeros. The frame seardi is 

plcxer 142, reconstructing a baseband repUca of the broad- *>y demultiplexer 142 to find consecutive 

band RF signal digitized by digitizer 132. The baseband patterns, followed by a seardi for the unique bit sequence in 

replica is then up-converted to its original radio frequency ^ one of the 32 frames. When the frame and superframe are 

by mixing with a local oscillator and filtering to remove foundby the demultiplexer 142 (or 162), valid traffic pattoii 

image frequencies. In the prefcned embodiment the digital- ^ P^^' ^^ult. Frammg methods of this type are weU 

to-analog converter is obtained from Steinbrecher Capora. ^^^^n in the telecommumcations arts, and those of skill m 

tion of Wobum, Mass., and operates at the preferred sample ^^e art wiU recognize that various alternate frammg meth- 

rate of 30.72 MSamples/s. ^ odologies may also be used. Preferably, frame generator/ 

n r ' * rrrr^ \i A • Ml *- * ^ • multlplcxcr 134 includes circuitry for scrambling the out- 

Refemng now to FIG. 21A, there is illustrated m more . j . * -j r t_ i j i- ^ % 

detail the teoadband digitizer or analog-to^tal converter gouig data to provide for tlie balanced hne code preferred for 

circuitl32ii.FIG.4andl70inFIG.8.Aiialog-to^iigital fib«optic transmission^ 

converter circuit 132 preferably includes a local oscillator Refemng now toFIGS. 22 and 23. thoe are shown the 

132A, whidi appUes its output to mixer 132B. which ^ altonate prefened frammg stnic^ 

receives the combined output from the transmitters 23. ^^.^ ^^5?^" ^'^^^ ""^ I 

Mixer 132B reduces the high frequency microcell signal £bits of PCNtoicrocdl traffic one frannng bit one bit of 

(approximately 850 MHz in the case of conventional ceUular ^RC and an ala^-control/order wire Aannel. and four 

phone service or approximately 1.8 GHz in the case of PCN ^^"^ 

traffic), to an intermediate (or baseband) fr«juency of except for D brts have b^ aUocated to the PCN/mioroceU 

approximately 1 to 15 MHz (sudi that the 12.5 MHz Neither of these frammg stnictur^ is designed to 

frequency fits between these limits) prior to appUcation to accommodate divosity traffic, however. Aey could be so 

aMlog-t<idigital converter 132C expanded, pc frammg stnictoeso^^ 

_ r. r^r^ . ^ J. t . , ^ assumes a 12 bit sanmhng at 30.72 Mb/s. The basic franung 

"".^^c . '^■^^'i ^ Structure is 18 bits, whi<l, when run at 30.72 Mb/s, results 

144 and 164, of HGS. 4 and 8, respecdvely, which performs ,^ ^ ^^^^^^ shownin FIG. 22, one 

Aerej^eoperauonofanalog^^ bit is dedicated to framing. Another bit is multiplexed 

170 Digital-tcvanalog conv^^^ a digital4(v ^^^^ alarm-control and the order wire function, 

analog converter 144A, which outputs an intermediate fi^ ^^^^^ multiplexing by virtue 

quency signal, which is up-converted with mixer 144B, , f e> j 

• li_ 1 1 Ml * i/io TT • of the following sequence: 
usmg the local oscillator 144C. Up-conversion restores me 

operating frequency of the RF to die broadcast frequencies 
of the cellular or PCN systems. 

Referring now to FIG. 5, thw is shown in greater detail 
the frame generatoiAnult^lexer circuit 134 according to the 50 
exemplary embodiment of the invention shown in FIG. 4. 
Circuit 134 includes a cyclic redundancy check (CRC) 
generatCH^ 155, which receives microcell traf&c data from 
digitizer 132 and ou^ts a CRC code. 

According to one exemplary embodiment, framer/ S5 

multij^exer 154 multiplexes the CRC chaimel, microcell As illustrated above, the framing structure of this embodi- 

trafi&c, order wire (voice) channel and control (alarm) chan- ment contemplates that six frames make up a "^super frame.** 

nel into the frame structure illustrated in FIG. 6. Each frame The first four frames of each super frame include the 00, 01, 

includes a 12-bit microcell trafELc word, a one bit CRC 10, 10 sequence. In the fifth frame, the framing bit is a 1, and 

channel, a one bit control-alaim/order wire channel and a six 60 the other bit represents one bit of CRC code. In the sixth 

bit framing wcrd The control-alarm and order wire data are frame, the framing fait is a 1 and the other bit is an 

multij^cxed together in a single diannd. alarm-control/order wire channel bit 

FIG. 7 shows an alternate frame structure having 12 bits Preferably, the CRC code is 32 bits wide, so that 32 

for the main antenna channel, 12 bits for 12,5 MHz coverage frames must be received in order to accumulate the entire 
d alternate service or divmity channel, a one or two bit 65 CRC code. Accordingly, errors are checked every 32 words 

CRC channel, 1 bit contrd-alarm channel and 6 fait frante of data. As in the case of the previously described framing 

word. Other possible firaming stmctures could involve a total structure, a balanced line code is provided. 
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Refemog now to FIG. 8. there is shown a block diagram All-Digital Embodiment 

of the remote antenna mut 102, according to the first ^ ^ 3,,^ 

S^2^ca^^«"^*rS^i"5i°^ exemplarylnbo^ 

SnsmittedtomthemiooccUbiSstaticron 5 nate ei^<xhment 200 md^^s a r«aote anteim 

Receiver 160 converts the optical data stream to a coire- with respect to FIG. 8. Rem«)te antenna umt 102 

sponding series of electrical pulses, which arc applied to is connected to an all-digital nucroccU base station 210 

demultiplexer 162. Demultq)lexer 162 extracts die microcell through fibers 104A and 104B. MiaoceU base station 210 is 

traffic and applies the 12-bit (or 13-bit) san^les to digital- connected to an MTSO. 

to-analog converter 164. Converter 164 reconstructs the All-digital microcell base station 210 is shown in more 
analog RF signal and ^lies it to linear power amplifier 24. <ietail in FIG. IIA. Circuit 210 includes a Tl interface 202, 
Convatcr 164 is preferably the same as digital-to-analog ^yth extracts digitized voice channels carried by a Tl line 
converter 144 described and diown above widi respect to qj other carrier firom an MTSO and applies those cfaanneb 
HG. 4. AiapWa 24 is connected to the main antenna 26 synttcsizer 212. Digital synfliesizex 
throu^ a dujdexer 25. Accordingly, radio frequency signals 212 replaces transmitttxs 23 and die analog-to-digital con- 
originating from tt^snuttos 23 in the maw^ 15 ,32 of the embodiment shown in HG. 4. Digital 
are tranamtted from nmn anfama 26. Demu^ttpl«« 162 ^^esizer 212 constructs, with digital logic or software, an 

aso ^''^"^ ~";««J^^«,'*Pi«^^^ 4uWalenttothedigitizedou)putofbroXanddigitizerl32 

alarm circuit 161. Order wire data is also extracted ana 7* ^. ^ -^7^ 4.^/^„t*:^u ^7aZ,».*u^ 

appHed to order wire interface 163 to provide two-way, applic^on to foiine genaator/multiplex^ ^U^V^thc. 

St^point voice grade communication. 20 ^ accomplidiel for msUnce by electtomc or 

RF siSials received at main antenna 26 are passed ^f^^^, "T^Tl ^ F^^^^t^^^ 1^ 

tbrough duplexer 25 to filter 27. Power amplifier 24, P^^^ f^^^ modulaUon of the transmittal signal 

dupleier 25; main antemia 26 and filter 27 are conventional therewith. ITie simulated signal transmitter ou^mt signal <^ 

base station conqwnents, as are described with reference to then be dirccdy rqires«ited in digital form that can be 

FIG. IB. The ouq>ut of filter 27 is combined and ^lied to 25 processed to emulate the output of the A/D converter, 

a broadband analog-to-digital converter 170 (of the same An alternate embodiment of die system of FIG. IIA is 

type as 144 described above with respect to FIG. 4), which shown in FIG. IIB. In the system of FIG. IIB, die synthe- 

digitizes the analog RF signal and applies it to a frame sizer 212' receives an analog input from radio controllo- 22, 

generator/multiplexer circuit 172. The output of circuit 172 and converts die analog ou^ut signals (corresponding to 

is qxplied to digitally modulated laser 174, whidi applies the 30 analog telephone signals) fi-om the radio controller 22 into a 

corresponding optical digital stream to fiber 104B. Frame corresponding digitized traf&c stream. In this process, for 

generator/multiplexer 172 is of substantially the same design example, synthesizer 212' can first digitize the individual 

as framer/multiplexer 34. It receives an alarm (or analog input signals, and then process them digitally to 

monitoring) signal data stream from control/alarm circuit produce die digitized signal for delivery to units 106. On the 

161, and an order wire data stream signal from order wire 35 return path, digital demodulator 224* produces a plurality of 

interface 163. analog telephone signals compatible widi die iiq>ut to the 

Optionally, remote antenna unit 102 may include a diver- radio controller 22. Multiplexer 214 operates in the same 

sity antenna system 180. System 180 includes a diversity fashion as described with respect to frame generator/ 

antenna 26', whidi ^lies its ou^t to filter 2T and in turn multiplexer 134 described above with respect to FIGS. 4 and 

to broadband analog-to-digital converter 170\ which operate 40 5. The ou^t of frame generator multipiexer 214 is applied 

in the same manner as main antenna 26, filter 27 and to digitally modulated laser 216, yMdi ou^ts the optical 

broadband analog-to-digital converter 170, respectively. The data stream on fiber 104A. EHgital optical receiver 220 

ou^ut of analog digital converter 170' is applied to circuit receives the c^tical data stream from fiber 104B and lilies 

172, which multiplexes the digitized RF signal from the it to demultiplexer 222, which operates in die same fashion 

diversity antenna into die data stream applied to fiber 104B. 45 asdemultiplexer 142of FIG.4.Theoutputof danultq)lexer 

In such a case, the firaming scheme includes diversity traffic 222 is i^licd to digital demodulator or receiver circuit 224, 

capacity. which extracts the microcell diannds and apfdies them to T 1 

Referring now to HG. 9, tiiere is shown in greater detail interface 202 for transmission to the MTSO. 

deinu]tq)lexer drcuit 142 (and correspondingly 162) shown Yet another alternate embodiment of the all digital base 

in FIG. 4 and FIG. 8. Circuit 142 (162) includes a demul- 50 station is shown in FIG. UC. In FIG. UC, the frame 

tiplexer 190, which receives the digital data stream fi-om generation/multiplexer 211* is modified to apply its output 

digital optical receiver 140. Demultiplexer 190 extracts the directly to die switdied telq>hone network, in a format 

control/alarm channel, order wire diannd, CRC channel and con4>atible widi network protocols, for example DSl, DS3 

microcell traffic channel from the digital data stream. or SONET. The switched network is dien used to connect the 

Optionally, where die diversity function is provided, the 55 base station with each antenna unit 106. According to this 

diversity CRC diannd and diversity microcell channel are embodim^t, the modified synthesizer 212" generates a 

also extracted. The main CRC channel and miaoceli traffic separate digitized output (for exanq)le as shown below with 

channel are appUed to CRC checking circuit 192, which respect to FIG. 32B) for each diannel bdng used (as 

provides an oror signal to the control/alarm drcuit 131. opposed to all channels in the cellular band), sudi that only 

Circuit 131 monitors the error rate of data and alarms 60 the digitized form ofthe channels used for each antenna unit 
occurring at die remote antenna imit lOZ The order wire 106 are actually transported diereto, dius greatly reducing 
channel is ai^lied to order wire interface 163, to provide the bandwidth required for diis purpose. Similariy, demul- 

two-way point-to-point communication. tq)lexer 222' is configured to receive die individually pack- 

Where diversity is optionally included, a second CRC aged digitized channels from the switdied network, and 
checking ctrcuit 192" receives the diversity CRC channel and 65 demodulator 224" is modified to recdve and extract the 
diversity microcell channel and produces an error signal individual channds. The embodiment of FIG. IIB can also 

which is applied to control/alarm circuit 131. be modified in this manner, as is illustrated in FIG. IID. 
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Thus, all-digital base station 210 synthesizes the effect of circuitry to the MTSO. In the second stage, units 106 may 

digitizing the transmitter data stream, providing for an be rei^aced or U|>graded to all digital microcell base station 

all-digital ccmversion from dicuit 202 to the data stream units 210, wherein the analog transmit and receive circuits 

applied to fiber 104A. The synthesized signal is received at are eliminated. This upgrade may be acconoplished without 

the remote antenna unit lOZ v^ch constnicts the radio 5 dianging remc^ antenna units 102, and therefore may be 

frequency signaL using digital-to-analog converter 164, thus done conveniently and e^)editiously. This method of instal- 

eliminating the need for transmitters 23. Similarly, digital lation thus allows the initial units 106 to be constructed 

demodulator or receiver circuit 224 eliminates the need far readily and at relatively low cost and thus providing for 

receivers 28, by converting die demultiplexed digitized RF rapid dq)loyment, while allowing for upgrade to more 

data stream directly into digital phone channels for ^li- lo reliable all-digital base station equipment without change to 

cation to circuit 2<K2 and transport to the MTSO. the remote antenna units 102. 

Yet another exemplary alternative embodiment of the Thus, as described above, the present invention provides 

invention is shown in FIG. 12. The alternate embodiment not only inqHX)ved coverage, but also for increased cq>acity 

shown in FIG. 12 includes a base station 106*, having an by assignment of reusable channel sets tfarou^out the 

antenna 250 for broadcasting and recdving RF signals into mioocell system, wittiout the need to deploy independent, 

a cellular area. In addition, 106' includes one or more renoote conventional base stations in each microceU area. Also, by 

antenna units 102 used to reach shadowed areas. This virtue of digital transmission, it also provides good dynamic 

embodiment is not for the purpose of extending capacity, but range over extended distances as compared to analog sys- 

rathex to inqirove coverage. tans. 

Referring to FIG. 13, base station embodiment 106' is ^ The exeii9)lary configuration illustrated with respect to 

^own in more drtaiL The configuration of FIG. 13 is the base station 106 and remote antenna unit 102 provides 

same as FIG. 3, except the RF signals are connected simul- control/alarmtoonitoring and two-way point-to-point voice 

taneously to a main cell site anteima through a duplexer and chaimels to be readily multiplexed on the digital carrier, 

power amplifier. providing advantages over analog systems sudi as that 

Referring now to HG. 14, there is iUustiated an alternate ^ ^scloscd by AT&T Furth^ore, a diversity chamiel ^n 

preferred embodiment of base station units 106 and antenna ^ mulUplcxcd mto tiie data strewn to jrovide tiie 

unit 102. According to this alternate preferred embodiment diversityfunction without the need for additional fiber paths, 

shown in FIG. 14, there are provided wave division multi- The invention also permits ready adaptation to carry 

plexers 270 at Ae base station 106 and remote antenna unit ^ alternate services sudi as PCN, mobile data and paging 

102. Wave division mult^>lexers 270 provide that a single services together with microcellular traffic, 

optical fiber 271 can be used in place of a pair of optical Another advantage of the invention is its ready adaptation 

fibers 104A and 104B, as shown with respect to the exem- to all digital base station technology, wherein microceU 

plary embodiment of FIG. 4. Rreferably, the wavelengths of trafSc data received from an MTSO in digital form can be 

operation for wave division multiplexers 270 are 1310 digitally converted to a synthesized stream of data samples 

nm±20 nm, and 1550 nm±20 mn. for qjplication to the digital-to-analog converter in the 

Y&t another alternate exemplary embodiment of the remote antama unit 102. 

invention is shown in FIG. 15. In FIG. 15, alternate service It shall be understood that other control or monitcsing 

traf&c (personal coitununication network (PCN) traf&c and/ type diannels between the base station and antenna units are 

or paging traf&c as shown in FIG. 15, for exaiiq)le) are 40 aho possible, and that the invention is not limited to the 

multiplexed into the digital carrier and conveyed to the particular channels illustrated in the exen^lary embodi- 

remote antenna unit 102 for transmission as part of a ments. 

broadband signal reconstructed by the digital-to-analog con- „ . , „ ^-^.^^ ^ 
verter. Tbc remote antemia unit is modified to include Transmission of NhooceUimdP^ Over 
separate analog-to-digital converter, digital-to-analog 45 ^^^^ Systaxi Fiber Feeders 
converter, filter, duplexer, linear power amplifier and A conventional cable system is illustrated in FIG. 16. 
antenna for the alternate service. The optical transceiver and System 300 includes one or more satellite dishes 304 
fiber being shared widi the microcell traffic. PCN transmis- receiving satellite television signals from satdlite 302. In 
sions are received at the remote antenna unit 102 and addition, the head end may receive video feeds firom local 
conveyed on the digital carrier back to the base station 106. 50 sources or over other media such as fiber, coaxial cable or 
Tlie additional services are carried over the same fiber line of sight microwave link. Mdeo unit 308 provides video 
sin^y by adding more bits per firame. Therefore, the signal splitting, and provides a video signal to AM trans- 
embodiment of FIG. 15 can cany the trafi&c associated with mitters 310, whidh apply an air^litude modulated signal, 
several different alternate services and cellular tra£&c typically down-converted prior to transmission, for applica- 
simultaneously, with minimal cost over strai^t cellular 55 tion to a fibo- feeder. The fiber optic feeder transmits the 
trafiGic It is contenq>lated that yet other services can be video signal to a of^cal node 312, which processes the 
carried, and the invention is in no way limited to received signal for delivery to a plurality of homes 314, 
microcellular, paging, PCN or mobile data service trafSc. typically over cof^>er coax cable, or in state of the art 

installations, over a fiber link. In a typical suburban instal- 
Method of Installing ^d Upgrading the MicroceU ^ of the type most adaptable to the benefits of this 
System exemplary embodiment, an optical node 312 preferaWy 
For ease of iiiq)lementation of the present all-digital provides service to ^^proximately 250 homes, covering a 
embodiment, two-stage deployment is oontenq>lated. In ttie geogn^hic area of iq)proximately 1-2 square miles, 
first stage, microcell base station units 106, ci the design An exemplary embodiment of the present invention, 
shown in FIG. 3, are deployed. These units may be readily 65 herein the cable system 300 is utilized to transmit micro- 
constructed with conventional transmitter and receiver tech- cell or PCN trafi&c to microceU areas will now be e^lained 
nology in tbe base station unit, and conventional intof ace with reference to FIG. 17. The system of FIG. 17 provides 
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the advantage of using the installed infrastoK^ure of a cable an AM modulator 338A, which receives a POTS/data input 

television system to transp(Ht microcell and PCN traffic. As signal, a video iaput signal, and a PCN/microcell traffic 

shown in FIG. 17, the head Old of the cable system includes input signal AM modulator 338A combines the signal 

a head end microceli/PCN unit 332, video multiplexer 308, inputs and produces an AM modulated signal for application 

and a plain old telephone service (POTS) and data source 5 to AM optical transmitter 338B, which in turn qij^es its 

336. Although die pxwision of POTS and data service is optical wavelength ou^ut to fiber 348. On the return path, 

included in this exemplary embodiment it is not necessary ^ demodulator 338C receives an iapnx from AM optical 

to the dcUvcry of ceUular/PCN service, and may be omitted receiver 338D, and provides an output of PCN/microceU and 

from the system. Preferably, the POTS/data arc carried on a diversity traffic, together witfi a POTS/data output signal, 

plurality of subcarriers within a certain band. A separate « ^ . ^ ,1 1 j 

subcJcr would be assigned to each subsmTxr Tfte "^"^ 1?%^^^^ 

system. Similarly, the video channels arc also contained on 342 is shown m more dcXml Unit 342 includes an AM 

apluralityof subcarricrsinaspecifiedband,Inaddition,the oP^cal receiver 400, which receives the AM modulated 

microcell/PCN channels are also carried on separate sub- signal from an AM modulator/demodulato- 338. The output 

carries in a defined band. The head end unit 332 is interfaced of optical receiver 400 is applied to an AM demodulator 402, 

with a base station unit 330, throu^ a pair of fibers 331A which ou^ts a POTS/data signal and a video signal. The 

and 331B. Base station unit 330 is interfaced to the switched POTS/data is to be delivered to subscriber homes over the 

telephone network 320 tfaroug^i a mobile telephone switch- optical node to home data transmission medium The video 

ing office (MTSO) 322. signal is also supplied to subscriber homes over the trans- 

The head end further includes a plurality of AM mission medium (usually coaxial cable, or possibly fiber), 

modulator/demodulators 338, vMdi are coupled to micro- 20 xhe PCN/microcell traffic is separately outputted from AM 

cell optical nodes 342 tiuxnigh fibers 340A and 340B. deiiK>dulator 402 and applied to an up-converter coiiqirising 

Optical nodes 342 each include an antenna for the transmis- mixer 404 and local oscillator 406, where it is restored to its 

sion and rccq)tion of microcell or PCN traffic and are operating frequency. The signal is amplified with an^lifier 

interfaced to a plurality of subscriber homes 343. POTS/data 4^ qjplied toough diq)lexer 410 for transmission into 

source 336, multiplexer 308 and head end 332 are each 25 the microcell area via a main antenna 412. According to die 

connected to the respective AM modulator/demodulators exemplary embodiment disclosed herein, the channels car- 

338, as more fully illustrated in HG. 20, to be explained Hed in the 1 MHz band, are transmitted from the antemia 

further below. optical node. RF signals received at antenna 412 

Base station unit 330 is diown in more detail in FIG. 18. through duplexcr 410 and are applied to filter 420. 
Unit 330 functions identicaUy to unit 106 as described above 30 rnversity antenna 424 may optionally be provided with its 
with reference to FIG. 3. The base station unit 330 may be ^^^^^ ^^^^ through filter 426 to a mixer 428. A local 
positioned, as in tiie embodiment of HG. 2, in a convenient oscillator provides an input to mixer 422 and mixer 428, 
location, remote from the head end. Alternatively, base effecting a down-conversion of the received PCN or micro- 
station 330 could be located at the head end, with the cell traffic before qypHcation to AM modulator 432, tog^a 
elimination of the fiber link and other unnecessary 35 ^idi return POTS/data traffic AM modulatOT 432 combines 
components, such that the RF signal output of the transimt- channel, diversity diannel and POTS/data signals 
ters may be filtered and ^Ued directly to the AM modulates them onto fiber 340B toough AM optical 
modulator/demodulatOTS 338 and in retum the ou^t of the transmitter 434 

AM moduktors/demod^ators MS filtered and appUed modulators {338A, 432) and demodulators 

directly to Ae receivers 28. Ehgital transmittei/receivcr 130 40 " a,,,^..^ ,„ „ ' ,„ prr:<i iKanAiA 

of base station 330 is conflgu^ as illustrated in HG. 4. (3»K:. 4«2)areiUu^at«lmmaredetaamnGS.25aiKl 26^ 

« oasc siauuu jjw i> wiiug Refoiing now to no. 25, there are shown m iikmc detaQ 

As shown m FIG. 19, head ^dumt 332 >s ^ffig^ aM modulator 338A. Tbt POre/data, video channel and 

«.tetantidly same as unit 102 from the embodiment of ^^^u/pcN chamiel signal sources are appUed to respec- 

FIG. 2. RF digiuzation and Itamu^ for commnmcation 35^ 35^ 3* 35^ ^^^^ ^ley are frequency 

between fte head end unit 332 and^base stoUon 330 is 45 a desired frequency for combination at combining 

performed subaanhally Ae ^ as d«cribed above wifli combined signals applied to a conventional 

regard to umts 102 and 106. However, the ou^t of diptol- ^^^^ modulator 358. 

to-analog converter 164 IS mphed to filters 335. which filter , ^ . ^, ^ ^ ^ ^ • 1 

the RF sW into a plurality of bands, each to be delivered . ^ *own m FIG. 26. on the 'etum path, tt^ AM signa^ 

to a parttailarmicxoceUassodated with a optical node 34Z so is appbed to a convenUondAMd^^ 

m tlTcxemplaiy iUustrative embodiment fflustrated herein. of whidi is filtered by filt*^ 362 and 364 f or apphcahon to 

thechamidsof iemicroceUorPCN systcmarcdividedinto re^ve mixers 366 and 368, wherethe bands arer«stored 

a plurality of 1 MHz bands, each containing a plurality of 'o their desired earner frequency, 

channels <rf microcell or PCN traffic (for exanqdc ten 100 Thus, as described above, the alternate embodiment illus- 

KHz diannels or approximately fliirty 30 KHz standard 55 trated generally in FIG. 17 provides that microcell or PCN 

channels). Each of the AM modulator/demodulators 338 traffic may be carried over the installed fiber distribution 

(shown in detail in FIG. 20) receives a 1 MHz band of system of an existing cable TV system. In addition, the 

channels and conv^rs it to the microcell optical node 342 system illustrates the provision of POTS/data service utiliz- 

over the fibers 340A and 340B by AM modulation. In the ing the same system. However, the additional provision of 

reverse path, 1 MHz bands are received back from the 60 POTS/data service is in no way essential for the invention, 

microcell optical nodes 342 (over fiber 340B). demodulated . , ^. a , ^ /r^ j 1 ^ 

inanAMSKMatoi/demodulator338,filteredbyfilters337 Alternate Digital Modulation/Demodulation 

and combined before q)plication to broadband analog-to- In the above-described system, the digitized RF signal is 

digital converter 170, on a retum path to the base station unit converted to an analog form prior to being transported to the 

330. 65 remote optical node unit 342. According to die alternate 

Referring now to FIG. 20, there is illustrated in moit exenq)lary embodiment now to be described, the digitized 

detail a modulatoi/denKxlulator 338. Each unit 338 includes f<Hin of the RF signal may be maintained through to the 
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remote optical node units 342 by use of digital modulation PCN signal in digital foimat all the way to the optical node 

such as QAM modulation. In the alternate exemplary unit 342. R thus can advantageously provide a higher quality 

embodiment erf FIG. 27A, groups 453 of transmitters qjply signal tfian might odiawise be obtained with AM modula- 

a combined output to the input of corresponding analog-to- tion schemes, 
digital converters 456 (including down-conversion to an 5 

intermediate or baseband frequency), and the framer/ Transmission of Digitized RF Over Switched 

multiplexer 458 frames the digitized transmitter group sig- Telephone Network 

nals so that these groups may be extracted from the framing ^ 

stnicture at the other end of the link. Similarly, a demulti- alternate exemplary embodiment of the 

plexer 459 demultiplexes a received signal and appUes a ^^^^ '"^y^fl^ ^ ^ ^^^^ 

corresponding digitized signal to each of analog-to^tal ^Jf^^ "'"f' ^ connected to the remote antenna units 
converters 457 (including uj^convcrsion) for appUcation to ^ ^^-f "^^"^J^^ ^ illustrated 

respective receiver groups 455. Diversity output is also ^^i^detoilmnGS. 31A,32A, 33A and 34. As illustrated 
optionally provided. The transmitter groups may, for ^^^^ ^ ^ ^ ^^"^^^'^ 

example, contain up to ten transmitters, so that the combined co^UerandTl intcijicectrcm 

digitized bandwidth is q>proximatelyl MHz, consisting of of imooceU channels from the MTSO. Hie output 

approximately 300 KHz of spectrum digitized at a 2+X rate, * plmality of groups 610 of transmitters 23 are 

plus framing and control bits. The alternate digital modula- ^^^^^ ^t combmmg circuit 612 for appUcation to an 

tion embodiment of die head end unit 332 is iUustrated in analog-t<Mligital and digital-to-analog convertei/framing/ 

nG.27B.Althoughthiscmbodimentshallbedescribedwith ^ demultiirfexing circuits 614. Groups 620 of recovers 28 

respecttoQAMmodulation,itshallbeunderstoodthatotfacr "^^^'Y^ an analog signal output from circuits 614. Each of 

f<Mms of digital modulation are also within the scope of the f^^^. ^^"^ produces an analog diversity signal, which 
present invention. According to this embodiment the digi- ^ diversity receivers 28*. 

tized RF received at the head end unit 332* is demultiplexed ^ circuits 614 fiinctions to convert the analog RF 

in demultiplexer 450, output group by group, and applied in 25 5"^*^*^ ^^own-conversion) to a digital signal M^ch is 

digital form to a plurality of QAM modulators/demodulators framed and applied to the switched telq)hone network. In 

338\ as illustrated in FIG. 28. TTic return traffic from a QAM addition, eadi of circuits 614 receives a signal from the 

demodulator 464 is applied to a framer/imiltiplexer unit 452, switdied network, whidi it demultiplexes and converts back 
whidi in turn ^lies the digital signal back to fiber 331B ^ cOTresponding analog RF si^iaL for explication to a 

tfarou^ digitally modulated laser 174. ^ respective receiver group 620 or diversity receiver 622. 

As illustrated in FIG. 28. QAM modulator 460 receives a ^ exemplary embodiment illustrated ha-ein, it is 

digital POTS/data ii^ut signal, a digital video signal and a contemplated that approximately ten 30 KHz, POST or 

digital PCN/miaoccU traffic signal QAM modulator 460 AMPS cellular channels (given current 7 diannel spacing 

multiplcates the input signals and produces a QAM modu- requirements) may be digitized into a respective 1.05 or 1.25 

lated output signal fa: application to AM optical transmitter 35 MHz bandwidth whidi may be formatted as a 44.736 Mb/s 

462, which is in turn applied to fiber 340A. On a return path, ^^-3 or OC-1 signal for application to the switched tele- 

AM optical receiver 466 receives a QAM modulated signal P*^^"^^ network through a Tlline ot optical fiber link, with 
from optical fiber 340B and qjplies an input to QAM available for control and error detection. AMPS, or 

demodulator 464. Demodulator 464 demultiplexes the Advanced MobOe Phone Service, is the original and stan- 
received signal and in turn produces a digital mio-ocell/PClN 40 format for cellular service consisting of frequency 

signal and a digital POTTS/data signal. modulated (FM) channels at 30 KHz spacings. However, the 

Refcnring now to HG. 29 there is shown the alternate ^^^^ <^ to 18 time division multiple access 

QAM embodiment of microceU optical node 342'. Alternate (TDMA) signals, or a combination of AMPS and TDMA 

optical node 342* includes an AM optical receiver 500 signals could be earned. As is well known to those of skiU 
receiving its iiq)ut from fiber 340A. QAM demodulator 502 45 TDMA is an aUemative modulation technique for 

receives an output from AM optical receiver 500 and dcmul- ceUular which replaces each AMPS channel with three 

tiplexes and demodulates the signal for appUcation to time-multq)lexcd digital signals. Hence 5 to 6 AMPS chan- 
digital-to-analog converter 504. Converter 504 outputs an ^ f ^ TDMA diannds. 

intermediate or baseband frequency signal which is Referring now to FIG. 32A, there is illustrated in more 
up-converted with mixer 506 and local oscillator 508 to the 50 circuit 614. Circuit 614 is essentially identical to 

transmission frequency. The signal is ajplied to anq)lifier circuit 130, as illustrated with regard to FIG. 4, but includes 

510, filtered with filter 512, passed through duplexer 514 a network interface circuit 630 and 632 in place of digitally 

and transmitted from the main antenna unit 516. On the modulated laser 136 and digital optical receiver 140, respec- 

retum path, the RF signal is received at the main antenna lively. Interface circuits 630 and 632 provide the necessary 

unit 516, passed through duplexer 514, filtered at filter 518 55 Tl interface or interface to an optical path, 
and ^lied to a down-converter, conqirising mixer 528 and The remote anterma units 602 are illustrated in more detail 

local oscillator 530. A diversity antenna 520 is qiCionally in FIG. 33A. Antenna units 602 are essentially identical in 

provided together with filter 522 and a down-converter construction to the remote antenna units 102 as illustrated 

con^sing a local oscillator 526 and mixer 524. The main with respect to FIG. 8. However, in place of the digital 

antenna signal and diversity antrana signals are combined 60 optical receiver 160 and digitally modulated laser 174, there 

using combining circuit 532 and applied to analog-to-digital are provided network interfaces 640 and 642 for interfacing 

converter 534. The output of analog-to-digital converter 534 to the switched network 120. 

is spphcd to QAM modulator 536, whidi q>plies its output The same framing structure illustrated above with respect 

to AM optical transmittCT 538, which in turn qjpHcs its to HGS. 6,702 and 23 are ^Ucablc to this exemplary 

output to fiber 340B for transmission to the head end. ^5 embodiment of the invention, except at lower speeds as 

Thus, as described above, this alternate exenq)lary necessary. In the case where the diversity function is 

embodiment provides a system for maintaining the RF cr provided, the return padi would include additional DS-3 or 
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OC-1 signals, requiring additional Tl or SONET line cqmc- includes an itsput from radio controller 22, which may 

ity on the return path. provide control input, in CMxler to specify the channels to be 

Refaring now to FIGS. 31B, 32B and 33B, there is shown extracted from the data stream. A netwOTk interface circuit 

an alternate exemplary embodiment^' of the base station interfaces frame generator/multiplexer 134* to the 
600 iUustrated in no. 30. Alternate ernbodiment 6W pro- 5 switched telephone network. 

vides that all the transmitters 23 in the base station arc Refening now to FIG. 33B, there is shown alternate 
£5>plied to unit 614*, which is illustrated in FIG. 32B. embodiment 602*, whidi operates in conjunction with alter- 
Similarly, unit 614' services all of the receivers 28 and 28' in nate embodiment 614*. A network interface circuit 640' 
the base station. Thus, the embodiment of FIG. 31B differs receives one or more Tl, SONET or other carriers from the 
fromtheembodinaentof FIG.31AinthatasingJeunit614' i<> switched telqAone network, carrying digitized miorocell 
is provided for the base station, and the transmitters and traffic produced by frame generator/multiplexer 134'. The 
receivers are ungrouped. digitized data stream(s) are applied to demultiplexer 162', of 

Referring now to HG. 32B, there is illustrated analog-to generaUy the same design as demultiplexer 162, which 

digital and digital-to-analog converter/framing/ extracts the digitized stream from each carrier, channel by 

demultq)lexing unit 614'. Unit 614' receives the ccHnhined channel, and apices each individual extracted channel to a 

input from aU the transmitters 23 in the base station 600*. A separate one of digital-to-analog converters 164'. TTie out- 

fcroadband digitizer 132 digitizes the combined signal The P^ts of convatcrs 164' are combined, and applied to power 

output of broadband digitizer 132 is appHed to the pluraHty amplifier 24, to be broadcast through antenna 26. Each of 

d digital filtm 802. Digital filters 802 cadi prcfaably digital-to-analog converters 164' may be of the same design 
indude a dcdmation filter and a finite impulse response ^ as digital-to-analog converter 164 of FIG. 21B. However, 

(FIR) filter. Decimation fiUer 802A receives the 30.72 digital-to-analog converters 164, digital-to-analog 

MSaiiq)les/s (12-bit wide) data stream and produces a digi- converters 164' need only handle a single channel, and thus 

tized data stream corresponding to the output of one of the may possibly be of less exacting design, 

transmitters 23 (Le. one of the channels) consisting of an Alternate embodiment of remote unit 602' further 
approximately 80 KSamples/s data stream, with 12-bit ^ indudesaplurality of digital filters 802, which operate in the 

sanq)les. TTie 80 KSamples/s rate corresponds to a sanq)ling same manner as digital filters 802 of base station unit 614' 

rate of 2.4x, of a 30 KHz signal (the channel width). to extract sdected microcell digitized channels from the 

However, any rate of at least 2x satisfying the Nyquist output of the broadband digitized signal from the output of 

criterion can be used. broadband analog-to-digital converter 170. Framcr/ 

Dcdmation filter 802 is preferably, for exanq>le, a deci- ^ multiplexer 172', of generaUy the same design as multi- 
mating digital filter. Part Number HSP 43220, available plcxer 172, operates in a manner similar to frame generator/ 
from Harris Semiconductor, Inc. of Melbourne Fla. Another multq)lcxer 134' to multiplex the extracted channds onto 
vendor of sudi filters may be ESL, a division of TRW, Inc. one ot more Tl. SONET or other carriers, appUed to the 
Referring back to FIG, 32B, each digital filter 802 is switched telephone network tiirough network interface 642*. 
programmed to filter out of the broadband signal from Referring again to FIG. 32B, demultiplexer 142', of 
digitizer 132 a channel corresponding to one of transmitters generally the same design as demultiplexer 142, rccdves the 
23. Accordingly, a base station installation with twenty multiplexed signals from remote unit 60Z through n^ork 
transmitters would require twenty digital filters 802, to intoface 632'. Unit 142' demultiplexes each of die channels 
extract the digitized data stream corresponding to each ^ and ^plies a single channel to eadi of digital-to-analog 
transmitter. Broadband digitizer 132 digitizes the entire converters 144', which may be of similar design to digital- 
microcell traffic spectrum, which is, in the case of the to-analog converters 164'. The output of digital analog 
original AMPS system, 12.5 MHz wide. In the case of converters 144' may be £5)plied to recdvcrs 28. 
twenty diannds, the bandwidth to be transported can thus be as illustrated in FIG. 33B, remote unit 602* may also 
greatiy reduced to 600 KHz, from 12,5 MHz. Thus, digital indude a diversity path with digital filters 805 provided to 
filters 802 greatly reduce the amount of data to be transmit- extract die diversity channds from the digitized diversity 
ted over the switdied network. signal. The extracted channels may be multiplexed through 

A frame genCTator/multiplexer of generally the same framcr multq>lexer 172* onto the switched telephone net- 
design as generator multiplexer 134', is provided to multi- work. In base station unit 614', a diversity path is provided 
plex the data stream from each digital filter 802 onto one or ^ from demultiplexer 142', whereby extracted diversity chan- 
nwre Tl, SONET or other carriers. Fot instance, a single nels may be applied to diversity receivers 28'. Thus, as 
cfaannd of 72 KSampies/s, with 12-bit samples, constitutes described above, the alternative embodiment illustrated in 
an 864 Kb/s serial data stream. Adding framing and control FIGS. 31B, 32B and 33B provides digital filters to extract 
bits, as, for example, illustrate in FIGS. 22 or 23 (with, for selected microcell channels from the broadband digitized 
exanq>le, a 1-bit CRC diannel, a 1-bit alarm-control/under signal travelling to and from the remote units 602*. The 
wire channel and a frame word of 6 bits) produces a serial extraction of sdected channels provides that a mudi maic 
data stream cf approximatdy 134 mb/s (20 bitsX72 KHz). limited bandwidth capacity is required to carry the signals 

F^ame generatoi/multiplexer 134' can thus multq>lex the from transmitters 23 to the remote units and return the 

ou^t of one of digital filters 802 into a DSl format on a Tl received channels ftom the remote units to the base station, 
carrier with a capadty of U5 mb/s, or can combine multq>le ^ In yet another alternate embodiment, the system of FIG. 

ou^ts of digital filters 802 on a 44.736 Mb/sDS-3 or OC-1 11 is modified to transport the digitized signals over the 

signal for q>plication of the switched tdephone network. switched tdephone network, as for exaiiQ)le illustrated 

A filter control circuit 803 is also provided in unit 614', herein above, 

and has an input to each of digital filters 802. Filter oontrd _ , _ ^ . ^ l, o * « 

803aUowsdi£Lafiltcis802tobeprogrammed,sothatthd^ 65 Network Interface to Cable System 

filtering diaracteristics (and channel selection) may be FIG. 34 iUustrates yet another alternate exen[q>lary 

sdectively changed, if desired. Filter control 803 finlhcr embodiment of the present invention, wherein the transmis- 



5,852,651 



23 



24 



sioD of digitized RF over the switched telephone network is 
combined with the transmission of the RF signal over the 
cable system. More specifically, as shown in FIG. 34, a 
nctwQik interface 702 is provided at the head end unit to 
receive digital PCNAniaocell traffic off the switched tele- 
phone netwodc That traffic is applied to QAM modulator 
460 and AM optical transmitter 462 (see FIG. 28). Similarly, 
network interface circuitry 704 provides for application of 
digital PCN or miaocell traffic to the switdied network, as 
it is received from QAM demodulator 464. Thus, signals 
originating £rom a base station 600 can be earned through 
the switched network to the cable system and back again. 

Thus, as described above, this alternate exemplary 
embodiment of the invention provides that PCN or microcell 
traffic may be conveniently earned over a switched tele- 
phone network. This operation has obvious advantages, 
permitting rapid installation of additional capacity, rather 
than the necessity of installing additional transmission lines. 

Thus, these alternate exemplary embodiments provide for 
an ability to transmit radio frequency microcell or PCN 
traffic through a switched network and through a cable 
system installation. 

Various modifications and alternate configurations of the 
embodiments of FIGS. 17 through 34 are conteii5)lated. An 
all digital configuration (similar to the embodiment of FIG. 
10) of the embodiment of FIG. 17 or FIG. 27 A eliminates the 
transmitters, receivers and analog-to-digital and reverse 
conversion in the base station 330. An all digital configu- 
ration for the embodiment of FIG. 30 eliminates these 
analog con^nents from the base stations 600. The method 
of installing and upgrading from the analog embodiments to 
the ail digital embodiments can be carried out substantially 
as described above with regard to die embodiments of FIGS. 
2-15. Other modifications to the embodiments of FIGS. 17 
throu^ 35 include wave division multiplexing so that the 
fiber pairs may be replace with a single fiber. 

Passive Handoff System 

Referring now to FIG. 35A Acre is illustrated an exem- 
plary embodiment of a passive handoff microcell telecom- 
munications system 800. The system shown in FIG. 35A is 
of like construction to that of FIG. 2 with the exception of 
base station units 114', which are constructed as shown in 
FIG. 35B to provide passive handoff switching. 

For the purposes of describing system 800, microcell 
areas 100 are referred to as ''microcell zones," which zones 
are labeled for the purposes of one exemplary embodiment 
as A1-A6, B1-B6 and C1-C6. Each zone includes an 
independent antenna for transmitting to and receiving from 
mobile units. Zones A1-A6 collectively comprise "Cell A,** 
zones B1-B6 collectively conqirise "cell B,** and zones 
C1-C6 collectively comprise "cell C." Each cell A, B and C 
has a set of reusable frequencies to be used within die cell, 
according to conventional cellular system design. Passive 
handoff system 800 provides that a transmission frequency 
or channel assigned to a mobile unit in a given cell may be 
broadcast from the remote unit 182 in any one of microcell 
zones 100 under the control of a unit 114' without interaction 
with or control from MTSO 110. A channel can thus follow 
a mobile telephone unit from one microcell z<me to anodier 
within a given cell Accordin^y, multiple miaxxsU zones 
may be served by the same set of channels (Le. transmission 
frequencies) allowing the signal transmission power level 
within each zone to be minimized, and thereby avoiding 
undesirable interference with a<yoining microcell zones or 
cells. The system also reduces the switching load on MTSO 
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110. However, when a mobile unit travels from one cell to 
another, NfTSO 110 switches the unit to a new channel (and 
corresponding pair of transmit and receive frequencies) in 
the newly entered cell, in a conventional manna: 

Refening now to FIG. 35B, there is shown in niore detail 
a base station unit 114* according to the present invention. 
Unit 114* includes a radio controller 22 providing an inter- 
face between the Tl lines from the MTSO 110 and the base 
station radio equipment IVansmitters 23-1 to 23-N (where N 
is a positive integer) are connected to a matrix switch 802, 
the ou^ts of which are in turn connected to a plurality of 
combining circuits 804-1 to 804-X (where X is a positive 
integer), which are in turn connected respectively to a 
plurality of digital transmitting^eceiving units 130"-1 to 
ISC-X. Units 130"-1 to ISO^-X are connected to the micro- 
cell areas 102 over respective transmission paths 104-1 to 
104-X, as illustrated in FIG. 35A. 

The respective outputs of transmitter/receiver digitizing 
units 130" carrying the analog microcell traffic, are each 
applied to matrix switdi 808. Matrix switch 808 selectively 
connects any input to any one of receivers 28-1 to 28-N 
through respective ou^uts 806-1 to 806-X, and combining 
circuits 807-1 to 807-X. A controller 810 controls matrix 
switch 802 and matrix switch 808 using respective control 
lines 812 and 814. Controller 810 receives a sample of 
digitized microcell traffic from each of the digitization units 
130' over sanq)le lines 816. 

As described in more drtail below, controUer 18 continu- 
ously processes the digital san^les received from units 130" 
and in response thereto controls matrix switches 802 and 
808 in order to switch each of transmitter units 23 through 
to one (or more or none) of units 130" and to connect 
receivers 28 to one (or more or none) of units 130". For 
instance, in one exen^lary switdiing configuration, matrix 
switch 802 might coimect all three transmitters 23^1, 23-2 
and 23-N through outputs 803-1 to combiner circuit 804-1, 
so that all three transmitto' frequencies F^, F2, and F„ are 
combined and qjplied to unit 130"-1 for digitization and 
transport to a microcell zone. In another configuration, 
transmitt^ 23-1 and might be connected to combiner 804-X 
through one of outputs 803-X, while transmitter 23-2 is 
coimected to combiner 804-2 through one of ou^ts 803-2, 
and transmitter 23-X is connected to combiner 804-1, 
through one of outputs 803-1. Matrix switdi 802 thus allows 
any one of transmitters 23 to be connected to any one of 
combiners 804, in any combination. 

Switch 802 thus permits a transmission frequency to 
follow** a mobile unit from one microcell zone to another. 
For exaii^>le, with reference to FIG. 35C consider a mobile 
unit 820 which initiates a cellular tdq>hone call at a time T^ 
within zone Al. In the example, mobile unit 820 is located 
in a car. However, it can be hand-carried or otherwise 
transported from zone to zone. To set up calls and perform 
control, the control channels) for a cell A, £ or C is 
simultaneously transmitted to and received from all zones in 
the req)ective cell, as accomplished by switches 802 and 
808. Upon call set up, whidi is accomplished in a conven- 
tional fashion, as for example described in **Mobile Cellular 
Telecommunications Systems**, by William C Y. Lee, 
MTSO 110 assigns mobile unit 820 to a currently available 
diannei, for exanqde the frequencies handled by transmitter 
23-1 and receiver 28-1 (assuming a transmitter/receiver pair 
is currently available for assignmioit). NfTSO 110 is pro- 
grammed to recognize that the channels associated with 
transmitters 23-1 to 23-N and recdvers 28-1 to 28-N are 
assigned, collectively, to cell A, which in this cxanq)le 
consists of zones A1-A6. During the initial set up the 
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assigned transmit and receive channels can be transmitted to remote unit 102 in zone A3. However, no cocresponding 

received from all zones in the cell, at least until it can be increase in signal strength in another zone in cdl A is 

determined \^ch zone can handle the call exclusively. detected to trigger a passive handoff. Rather, the handoff 

Thus, as initially set up, mobile unit 820 transmits and ftomcellAtoccllBishandedby NTTSOllOasVrrSO 110 

receives on frequencies and Fj, respectively. Controller 5 senses the movonent of the mobile unit 820 between cell A 

810 constantly monitors the signal strength of transmissions and B. Prior to leaving the cell, as the signal strength 

fran mobile units 820 in all zones in Cell A as received at deaeases, transmission and reception may be achieved 

the antenna units of the remote units 102 positioned in the us"»g all zones in the cdL As the unit 820 moves into the B 

zones. Signal strength in each zone is detected by sanq)ling celL MTSO 110 operates to assign a new channel to the 

thedigitizedRFmicroceUtrafficretumingftomremote units m ^^^^ frequencies assigned to ccU B. The base 

102tounitsl30«.Whnemobneumt820iswithinmicxocell '''^}^^^ ^L"^ ^.^^^.^P^^.i? 

zone Al, the strength of the received signal F, is likely the mamia as descnT)ed a^^^ iniHal zone to 

L.^„c*. tu^ «r/^^i«^;t« «w3wu .init ft-Mi tr. tK^ tTansHUt and receive from, and to perform passive handoffs 

greatest bemuse of Ae Proxmiity of mobde umt 820 to &e ^ Accordingly, switching betw^ ceUs A, B or 

antenna umtofremoteumt 102.1m 2^^^ ^ ^ independently of die passive handoff of 

might, however, ako be received a^ the antemia of remote 15 assigned frequencies bTtween zones in a celL Cell B could, 

umt 102 m zone A2, or m the more distant zone A3. Control ^ conventional design with a single antemia 

unit 810 monitors the strength of received signal Fj in all of serving the entire cell 

the digitized microcell toffic streams received from aU of ^h^^^ ^ described above, the present invention provides 

remote units 102 m the CeU A, and, accordmg to at least one ^ passive handoff system, wherein a transmission frequency 

exenq)laiy approach, identifies the remote unit 102 whidi 20 is assigned to a mohUe unit, and that frequency tracks or 

receives the strongest signal at frequency Fj. Assuming for follows the mobUe unit from one microcdl zone to anotha 

this example, that the signal Fj received at the remote unit under the control of controller 810, and without intervention 

102 in zone Al is the strongest among the zones, controUer from or switching of transmission frequencies by the MTSO 

810 signals matrix switch 802 to connect transmitter 25-1 to HO. This mode of opmtion is particulaily advantageous in 

combiner 804-1, which in turn applies its ou^ut to digitizing 2s certain microcell applications, wherein multifde remote 

laO^-l. Unit 130"-1 in turn transmits die digitized microceU units 102 are required to covo" an area, but there is not 

traffic stream containing the frequency Fj to the remote unit enough traffic density in a given zone within the area to 

in zone Al, which in turn broadcasts frequency Fj in zone support a conventional cell site installation. Fot example, a 

Al (along with any other frequencies switched into the narrowed depression in the terrain, sudi as a ravine ot along 

combiner 804-1). On die rrtum path, controller 810 causes 30 a road adjacent to a river bed may require multiple antenna 

matrix switdi 808 to connect the output of digitizing unit installations to obtain adequate signal coverage, due to 

130"-1, as received on line 806-1, to receiver 28-1. blockage from nearby terrain. Another exaiiq)le might be in 

Preferably, transmitter 23-1 is connected to no other digi- an underground parking garage, or even in large office 

tizing units ISO"", such diat no other remote unit 102 is buildings wliere larger than nonnal signal attenuation results 

broadcasting at the frequency F^. except for unit 102-1. 35 in unacceptable signal levels. Furthermore, cell sites in some 

Similarly, it is preferable that no other digitizing units 130" cellular systems are not located close enougji tog^er, thus 

are connected through matrix switch 808 to receiver 28-1. resulting in poor coverage areas between the cdls. Still 

As a result, interference between adjacent microcell zones another exan^ile is along a traffic corridor between popula- 

caused by broadcasting the same frequency is avoided and tion centers. For these situations and others, it is advanta- 

interference resulting from a receiver 28 receiving the same 40 geous to use a passive handoff system permitting an cxpan- 

frequency (at different phases and varying distortions) from sion of the area covered without assigning separate 

more than one zone is avoided. frequency sets and corresponding transmitters and receivers 

Extending the example further, consider now that mobile for each zone within the area, 

unit 820 moves from zone Al to microcell zone A2 at a time Preferably, eadi switch 802 and 808 provides suj^xut for 

tj. As mobile unit 820 moves from microcell zone Al to 45 at least twenty (20) transmitters and twenty (20) receivers, 

zone A2, controller 810 continues to sample and detect die respectively. In addition, eadi of switches 802 and 808 

received signal strength of transmission frequency Fj from preferably permits connection of the transmitters and rcceiv- 

all the remote units 102 in cell A. Upon movement from crs to iq) to six digitizing units 130". Accordingly, matrix 

microcell zone Al to A2, controller 810 should detect an switch 802 may be used, for exaiiq)le, to connect up to 

increasingly stronger signal at frequency Fi in microcell 50 twenty (20) transmitters (where N=20), through to any one 

area A2, and correspondingly a reduction in signal strengdi of digitizing units 130". Similariy, the output from digitizers 

at tiiat frequency in microcell area zone Al. When certain 130" may be selectively connected to any one of receivers 

switching criteria are met, controller 810 performs a *^as- 28, such that a single one of digitizers 130" may be con- 

sive handoff," by switdiing transmitter 23-1 frx>m connec- nected to all of receivo^ 28, or all of the digitizing units 

tion to combiner 804-1 to connection widi combina* 804-2, 5s 130" may be connected to a single one of receivers 28. 

and correspondingly switching receive 28-1 to receive its However, it shall be understood that switdies 802 and 808 

input from digitizing 130"-2. As a result transmission at may be adapted to handle more cr less than twenty (20) 

frequency Fj ceases at remote unit 102 in zone Al, and the receivers or transmitters, or more or less than six (6) units 

signal received at that remote unit 102 is no longer sailed 114*. 

through switch 808 to receiver 28. Thus, system 800 can $0 Switdies 802 and 808 are preferably matrix switdies, 

passively switch a diannd from one zone to anodier within wh^ia the combining function is integrated into die switdi 

a cell to follow a mobile unit at the matrix nodes, in the form of Wilkinson combiners 

The following example illustrates die operation of system using nonrefiective pin diode attenuators. Such oonq>onents 

800 when the mobOe unit moves from one cdl to another. are available from Salisbury Engineering, Inc., of Salisbury, 

For exan^le, if mobile unit 820 moves from microceU zone 65 Md. The switdies arc preferably of die attenuator type, 

A3 to zone Bl at a time t^, controller 810 again detects a allowing linear control of rise and faU time. Switching is 

ooresponding reduction in signal strengdi received at the preferably make bdort break. 
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Refecring now to FIG. 36, there is shown a first exenq>laiy received frcm a buffer 832, FFT processor 856 clocks in 

embodiment of unit 130'. Unit 130" is of the same design digitized 12 bit microcell IrafBc sanqdes or words. The 

and operation as unit 130, except it additionally includes a ou^t of FFT processor 856 comprising a series of 16 bit 

data bus 830 connected to ttie bus carrying demultiplexed words specifying the signal strength of the respective cfaan- 

digitized microcell trafSc from demultiplexer 142 to digital- s nels carried in the digitized microcell trafBc stieanL 

'"jrT'^*' vi° Microprocessor system 860 preferably employs an Intel 

n'^J^^ '^"..'"i.!^'"* ^ ^J^u^" brand "4«6" type n^ooprocessor or better running at least 

controlled by an enable Ime 834 received firom a controller . ~, . , . r. _ o.i^-». 

810. When enabled, buffer 832 outputs a lepUca of the ? MHz. A this pecd^ttie tone between selection of Je 

digitized miaoceU trafSc on data bus836. .„ "^^^ ^ 

^ ^ ^ • . *° fTMuency spectrum analysis from FFT processor 856 can be 

Refanng now to HG. 37 there is diown an exemplary 5 rdlliseconds. Once microprocessor system 860 

embodiment of controUcr 810 according to the pr«ent frequency spectrum data from FFT 

invention. ControUer 810 of FIG. 38A is adapted for use ^^^^ sigMl ampUtude for each 

^^Tlif' K^i^*^'."^'.* fi«iuency in the zone, the data is recorded for immediate or 

multiplexer «84 which is connected to the buffers M2 in ^5 ^jg^ Optionally, the date and time of 

each of umu 130--1 to 13«"-X toough a twdve (12) tat signal measurement is ak^ recorded, together with any 

data bus 836 witti one (1) dock Ime. MulUplex« 884 otheriarametcr! of interest The polling process continues if 

^ferably tn-state) sdects mput from one ^e busses ^ intbtcOl have not yet been measured within the 

836. and supplies it to fjujt-fooner-transfomi (fFT) proces- continues, the digitized 

sor 856. Mection IS made unto OTntrdofmiaoproce^or ^ ^ooccUtraffic stream for the next zone in the cell is 

systan W«. using contrd hne 862. FFT processor 856 selected (routine 924) in the above-described process of data 

docks in dipttzed i^ocdl tiaf&c s^es consistmg of 12 ^^^^i^^ analysis and storage is repeated, 

bit words. Digital FFT processor 856 preferably uses a * . . .1 

Raytheon Part No. 3310. available from Raytheon. Inc. ^"2"'""* V 

* rwTnrw^ off^ • 11-*- fi^i.-* miooproccssor system 860 determines the channel (i.e.. 

The output of FFT proc«sor 856 is a phirahty of 1^ bit 25 tra3tterAeceiva) zone assigmnents based on the signal 

words m bms, wrth ead. bm repr«entmg the sfrengtt or »^ ^ 

'^^'"^*^1?^*'^?T . ^^'if "^""fl^ which this determination is made is not essential to the 

service) withm the digiUzcd cellular data streanL The output ;„„^„*;^« w «*.-4^-«.«ki„ t^ir^ tu^ f^^^o 

1- J* * o-TA A 4. Z invention, but preferably may take one of the forms 

of FFT processor 856 is j^phed to system 860 over data bus described below 

859, using control line 861. A select circuit 886 receives a 30 , . , . ... , ^ ^ 

control signal 863 from system 860, and selectively gener- ^ is contemplated that the switching a^gonthn^ for the 

ates signals on enable lines 834. Enable lines 834 are used ^^^^ P^*^ ^1 j ^ ^^^^^^ 

to selectively enable die outputs of buffers 832, so that FFT ^nut path, it is contemplated thai the method of 

processor 856 can be selectively filled with digitized miac^ ^^^^ ^ coverage received signal strength m 

cell traffic samples from a selected source. Mi<ioprocessor 35 l^""^" ^^1 !^ second to 3 seconds, with 

system 860 is comiected to a matrix switch driver 875, the zone with the gn^ateststtength chosen as the aclive zone 

which drives matrix switches 802 and 808. The operation of Altmiatively, a zone which is not currently fadmg even if 

controUer 810 as shown in FIG. 37 wiU be described in more ^J"^ be cho^n. If it doesn t matter 

detail below which zone is used, for example, if signal strengths are 

^„,*^r7rr' « fl^n, conqwrable, a zone may be chosen whidi evens out die 

Refemng now to FIG. 38, there is shown a smmlined flow 40 j-Zr^tT^ * u 1 • titu™ ♦u^ 

a;^^^ Jetu^ .v*^o*;^« «f ^.^^^^a Z^^^^.r^ distribution of channel assignments in the celL Where the 

diapm of the operation of programmed mi^oproce^or optimum zone cannot be detSmmed, several or aU zones can 

system 860 and its correspondmg control over the operation u^"" ^ ™ir ^"^^^^ • « 

of system800.nG.39is?q^es4tativeof botfathej^ be sdected or active, for example as might occur when a 

900executedbymicroproc^sorsystem860andthei^ mobile umt is on the edge of a ceU. 

of system 800. Program 900 include an initialization/ 45 switchmg receivers, instantaneous and average levels 

configurationroutine 910. System configurationprovidesfor ^^^^ ^^^^ 

the identification of the channels serviced by base station predicted and the switching from one zone to another on the 

114\ Preferably, miaoprocessor system 860 includes mag- ^^^^^^ ^ an^ap^ If the recdved signal 

netic storage media such as a hard drive ot the equivalent for strength is below a thre^old level, then a receiver may be 

storage of the configuration information and other data, 50 comiertcd for reception fix)m aU zones, fcr mstance where ^ 

together with conq)uter iM-ograms. Once configured, polling ^^^^ is on the edge of a celL Switchmg on the receive 

and switching (^tion may be invoked. In this mode of side is typically accomplished at a much faster rate of 

operation, miooprocessor system 860 first selects (routine ^^S^ ^ ^^.^^ transmit side owmg to die greater 

912) die digitized traffic stream for a **first" zone in the celL prM^ of recepUon and fading from the relaUve low power 

In the embodiment <rf FIG. 37, die selection is achieved 55 transmitters in the mobUe uniu. 

using enable lines 834. A sdected one of enaUe lines 834 is Of course, odicr switching algOTithms for bodi the trans- 
activated to enable the acquisition and output of the micro- tnit ^d receive channels are possible, and certainly those 
cell traffic data from a corresponding one of buffers 832. The ^licable to conventional cellular switching are good can- 
enabled buffer 832 ^lies a replica of die digitized micro- didates. 

cell traffic stream from demultq)lexer 142 in unit 130" to 60 Once die new channel (transmitter/recdver) assignment 

multiplexer 884, whidi applies the digitized traffic stream to has been detomined, system 860 switches die transmitters 

FFT processor 856. and recdvers using switches 802 and 808, throu^ matrix 

Routine 914 provides diat FFT processor 856 is activated switch drivers 875. 

for loading of the digitized microcell traffic stream under the As an alternative to the opaation specified for program 

control ofmicroprocessor system 860 using control line 861. 65 900 described above, cfaaimd (transmitterAecdver) zone 

A buffer 832 may load, for instance, 1024 samples of die assignments may be determined on a continual basis after 

digitized microcell traffic. As microcell traffic data is each new frequency spectrum measurement is dstained. F6r 
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instance, program 900 of FIG. 38 may be modified by Yet another two alternate embodiments of the system of 

inserting stq>s 930 and 932 betweai step 920 and 924, and FIG. 35 are shown in FIGS. 39C and 39D, which are 

eliminating decision step 922, Thus^ as described above, modified in a manner similar to the systems of FIGS. IIC 

system 810 may conq)lete an analysis of all diannels in a and IID, so that transport is over the switched network and 

given zone in under 2 ms. In a handofif system with 6 zones, 5 synthesizer produces individual digitized channels for 

all analysis can be done in under 12 ms. One advantage to api^cation to the network. 

SUA fast channel analysis is in the capability of base station j^^^ ^^^^ 

revive diversity, which may ^niprove signal quahty m areas exemplary embodiment of the system of FIG. 35A, in this 

at the fringes of cell coverage or wherc signal is momen- ^ ♦ • * li. u *i. iT j * t 

tarilyblockedononezone-^cefadingisaliiajOT case modified to commumcate t^^^ 

in, for example, remote ai^, the abiUty to quickly switch P^^^J^ ''^Z''^ ^U?^"^^ , J" T^^. 

between i^iver sources allows a form of diversity recep- v«^*on (nMxlified to obtam the samples of the digitized 

tion using the antennas in different zones as "diversity" stream) of circuit 614' of FIG. 32B. In this 

antennas for eadi other. embodiment, only those channels actually used in the 

A possible side advantage of fast analysis would be to antenna units 106 are transported to the units, saving band- 
accumulate statistical data on fading that might assist service width in the same way as system 614'. 
providers in finding optimum antenna/microcell placement Referring to FIGS. 41A-C, there is illustrated other 

As mentioned above, microprocessor system 860 may alternate exenq>lary embodiments of the passive handoff 

optionally record the date and time of eaph measurement of microcell system of the present invention. In the systems of 

the frequency spectrum of ttic digitized microcell traf&c FIGS. 41A-C, redundancy is achieved by arranging the 

streaoL Accordingly, a history of dumnel usage and signal 20 microcell units 102 such that each area of the cell, or **macro 

strength within any given chaimel may be readily obtained, cell**, is covered by at least two micrx)ccll units. Accordingly, 

and later used for the purpose of reconfiguring the system, in ^le event of a failure of one of tiie units, the redundant 

for example, by moving antenna units. AccOTdingly, the miaocells 103 are available to provide coverage in the area 

present invention further contenq)]ates a method of record- failure, 

ing the use of the channels within the zones and tiie 25 T^Trrr- ^1 a « ia^;*. K„t4.«^ 

alresponding sigDal strength, and later using this informa- ^ "/^^ * « covered by *rec prunary 

tion toreconflgiffc the system. microcclls 102 and by three secondary miaocells 105. In the 

AS an alter^ exe^lary embodiment, the system of ^J^^^t shown secondary nncrocells 105 are plac^ in a 

HG. 35A (and FIG. 39 below) can be modified so that the distiftuUon smnlar to tha^ of prm^ microcells 102 birt 

digitized RF signal is carried to the zones over a switched 30 around tfie center of maaoceU 103. ft 

telephone network, as for example iUustrated in HG, 30, or sb^<i ^ ^PP^^^ ^^.^ distnbuUons could be used 

modified to transport the digitized RF over a cable system, advantageously to provide similar redundant coverage, 

as for example illustrated herein. In normal operation, primary microcells 102 provide full 

In the alternate embodiment of HG. 39A, base station covo-age over macrocell 103. In case a faHure in one of 

114* is modified to provide all digital base station 114\ All 35 the microcells 102, however, the two adjacent microcells 

digital base station 114", like the system of FIG. IIA. uses 1^ can provide cova-age over fee region served by tiie 

a digital synthesizer 212" and digital demodulatcff 224 to failed primary microcell 102. In another embodiment, pri- 

leplace the analog RF radio equipment in the base station. A n^ary miaocells 102 provide jrimary coverage to first 

Tl Interface 202 interfaces to MTSO 110, and applies a regions of macrocell 103 and secondary coverage to second 

digital form of each telephone signal all control signal fi*om 40 regions of macrocell 103 while secondary microcells 105 

the MTSO to eadi digital synthesizer 212'. Each synthesizer F«>vide jmmary coverage to the secondregions of maaocell 

receives control signals firom the controller 810* over line and secondary coverage to tiie first regions. 

812*. Each digital synthesizer 212* is responsive to controller A second method of providing redundant coverage is 

810* to create a synthesizer digital data stream for framing illustrated in two embodiments shown in FIGS. 41B and C, 

and transport to an associated unit 106 in a zone, so that any 45 re^>ectively. In fee embodiments ^own in FIGS. 41B and 

combination of fee diannds assigned to fee cell can be 41C, eadi microcell 102 is provided wife two power levels, 

broadcast in fee cell In nomud operation, each microcell 102 is opmted at fee 

On fee return pafe, fee digitized san^de 816 is taken fi-om power level necessary to provide microceU 102 coverage. In 

fee demultq)lexed digital daU stream returning from fee cases where, however, a microcell 102 fails, adjoining 

units 106, and supplied to controller 810*. The digital 50 microcells 102 are raised to a higjicr power level (shown as 

san^les are obtained from the demultiplexer 221' in a like 102'). As can be seen in FIGS. 41B and 41C, such an 

manner as desoribed above wife respect to FIG. 36. Con- increase in power level provides coverage over fee failed 

troUcr 810* in turn uses fee ssanplc data as described above microcell 102. Alfeougji fee microcells 102 of FIGS. 41A 

wife respect to control 810 to control switching. Selector and 41B are shown divided into three sectors, it should be 

880 can be used to select fee received signal for any desired 55 apparent that ofeer sectorization, or no sectorization, can be 

channel from any one of demodulators 224, for application used within fee above-described redundancy scheme, 

to Tl interface 202. Altmiatively, sdector/processor 880 is Sectorization 
configured to process two or more of the incoming streams 

for each channel to create a reduced noise conq>osite stream. Sectorization will be discussed next 

An alternate embodiment of fee system of FIG. 39A is 60 According to yet anotha aspect of fee invention, fee 

illustrated in FIG. 39B. The system of FIG. 39B is similar to microcell system of fee present invention may be used to 

fee system of FIG. IIB, in feat fee digital synfeesizer 212"* replace fee conventional base station transmitter 12 in a 

receives an analog telq)hone signal input from radio con- conventional cell as for exanq)le shown in FIG. lA. In 

troUcr 22, and operates like syntl^sizer 212* of FIG. IIB. addition, as can be seen in FIGS. 41A and 413, each 

Similarly, digital demodulator 224* operates like demodula- 63 microcell could be split into a number of sectors, each sectcH* 

tor 224* of FIG. IIB, delivering an analog signal to radio driven by a directional miaocell antenna unit According to 

controller 22. such embodiments, shown genoally in FIG. 42, a sectodzed 
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antenna unit 900 having a plurality of transmit and receive the digital optical signal to digital-to-analog converter unit 

antenna pairs 902 divides a micro or macroccll into a 932, the output of which is an analog RF signal represen- 

number of sectors. Each antenna pair 902 broadcasts and tative of all channels represented in the sectors serviced by 

receives using a different channel set For example, accord- the remote unit 904. The analog output of conversion unit 

ing to one preferred embodiment a microcell 16 is divided 5 932 is q^plied to splitter 934, wfaidi splits the analog RF 

into three 12(>-degree sectc^ with one antenna pair 902 signal into N paths (where N=4he number of sectors) cor- 

assigned to each sector. Each antenna pair 902 utilizes ten responding to channels assigned to each of the antenna pairs 

transmit and receive channels for its sector, with a 21 902 applies the analog RF to channel filter units 936. Each 

channel separation between channels within the sectOT. In antenna pair 902 has its own channel filter unit 936 to filter 

addition, according to one exemplary embodiment tha-e is out <rf the RF signals from splitters 934, tiiose channels to be 

provided seven channel separation between channels, transmitted in the respective sector. The ou^ut of chamiel 

between sectors, filter unit 936 is appUed to an an^)lifier 938, which is in turn 

The antenna pairs 902 in eadi macrocell are supported by applied to a band pass filtCT 940, whidi passes only those 
a remote unit 904 which receives digitized RF for the diannds within the band assigned to the particular sector, 
channels in all three sectors, and converts the digitized RF The ou^t of band pass filter 940 is ^lied to a transmitter 
into analog RF for transmission into the sectors covered by antenna 902a of antenna pair 902 Meanv^e, a receiving 
tiie antenna pairs 902. Remote units 904 further include antenna 9026 of that antenna pair 902, receives RF signals 
analog-to-digital converters for digitizing RF received in predominantly from within the same sector, and applies the 
each sector, and for transmitting die digitized RF to the received signals to a band pass filter 942. Band pass filter 
sectorized base station units 906. Each of the sectorized base ^ 942 passes only those channels widiin the band, and ^plies 
station units 906 is connected to the MTSO 17, which in turn the filtered radio frequency signal to analog-to-digital con- 
is connected in turn to the switched telejAone n^ork 15. version unit 944, which converts the analog RF signal to a 

Each sectorized base station unit 906 includes radio corresponding digitized optical output signal at a unique 
frequency transmitters and receivers for each of the diannel optical wavelength, for example, one of the optical wave- 
sets used in each of the sectors of the macrocell. and 25 lengths noted above. Eadi of analog-to-digital conversion 
digital-to-analog and analog-to-digital conversion units for units 944 may be of generally the same design ^own with 
transmitting digitized RF to the remote units and for receiv- respect to unit 102 shown in FIG. 8. The optical outputs of 
ing digitized RF and flying it to the receiver units. each of the units 944 is applied to optical combiner 946, 
Sectorized base station units 906 are preferably connected to which in turn q>plies its output to wave division multiplexer 
remote units 904 over a single fiber optic link 905 using 30 930. Digital-to-analog conversion units 932 are preferably 
wave division multiplexing as described above, although of generally the same design shown with respect to unit 130 
separate transmit and receive links could be used if desired. in FIG. 4. 

Referring now to FIG. 43, tha-e is shown in more detail Referring now to FIG. 45, there is shown in more detail 

a sectorized base station unit 906. Each sectorized base one of channel filta: units 936. Each unit 936 preferably 

station unit 906 includes a radio controller 22 for eadi of the 35 includes a linear jH-ogrammable pre-anq)lifier 950, which is 

sectors serviced by fiie base station unit 906. Each of the used to provide die gain needed to compensate for the losses 

radio controllers 22 are connected to the MTSO 17. A of the splitters and combiners. The output of anq)lifier 950 

corresponding number of transmitter and receiver banks 912 is applied to splitter 952^ which splits the analog signal into 

are provided, each with a plurality of transmitters and M paths (where M=the number of transmit channels 

receivers. Preferably, according to the exemplary embodi- 40 assigned to a sector) a plurality of paths. Each path in turn 

ment shown herein, each bank 912 includes ten transmitters passes tfarou^ a narrow band filter 954 tuned to the par- 

and ten receivers. The output of the transmitters of each bank ticular channel Each narrow band filter 954 is preferably 

912 is combined and applied to analog4o^gital conversion programmable, and designed to maintain a bandwidth of 30 

unit 914, which may be of a design similar to those described KHz ov^ temperature. Preferably, this is accomj^hed by 

hereinabove, for example as shown in FIG. 4. Analog-to- 45 first downconveiting the required RF channel to a 70 MHz 

digital conversion unit 914 digitizes and frames die digitized IF signal. The 70 MHz signal is then passed throu^ a crystal 

RF, and i^lies an <^tical ou^t to wave division multi- filter in a manner known in the art to achieve the narrow 

plexer 916, which is in turn connected to fiber S>05. At the filtering required. The IF frequency is then upconverted to 

same time, optical information received from remote unit the required RF frequency. EYeferably, the frequency is 

904 is applied through wave division multiplexer 916 to an 50 microjH-ocessor controlled, and the RF firequency can be set 

optical filter 918 whidi filters out the signal received from in 1 Hz increments to the required frequency using a 

remote units 904 as distinct c^tical wavelengths, for computer, sudi as a laptop unit Frequency stability is 

exampleinthecascof a three sector system, wavelengths of preferably adiieved using a clock recovered from the 

1520, 1550, and 15S0 nm can be used. Each of the filtered, encoded signal sent over fiber link 905. Ideally, narrow band 

separate wavelengths is appUcd to die iiq>ut of one or more 55 filter 954 should be narrow enou^ that an adjacent diaimel 

digital-to-analog conversion units 920, whidi demultiplex within the sector will be greater than 50 dB down a master 

and convert from digital-to-analog form RF signals received clock generated at base station unit 906. The output of each 

from the remote units 904, fw each of the sectors serviced of the narrow band filters 954 is a^iplied to a combiner 956, 

by the remote unit SKM. The analog ou^nit of digitai-to- which in turn provides its ontpat to the amplifier 938. In the 

analog conversion units 920 is ^lied to the respective 60 exenq)lary embodiment of die present invention, anq>lifier 

receivers in each bank 912. 938 preferably constitutes a 25 watt PA. 

Referring now to FIG. 44, there is shown in more detafl In die preferred embodiment frequency offset will be 

a remote unit 904. Each remote unit 904 includes a wave ininiinized by syncfaroiuzing remote unit 904 with sectorized 

division multiplexer 930 connected to fiber 905. Wave base station unit 906. In one sudi embodiment sectorized 

division multiplexer 930 receives from sectodzed base sta- 65 base station unit 906 transports die RF spectrum by down- 

tion unit 906 die digitized opdcsl signal carrying the chan- converting from RF to an IF (in, for exan9)le, the 0-30 MHz 

nels of all sectors serviced by remote unit 904, and q>plies range), and then digitizing. After being tran^xnted to the 



